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(54) Vertically-aligned (VA) liquid crystal display device 



(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso- 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12.13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 
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Description 



The present inventicxi relates to a liquid crystal display (LCD), and more particularly to a vertically-aligned (VA) 
LCD. 

Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT, it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a thin-film transistor (TFT) type LCD (TFT LCD) 
has been adapted to public welfare-related equipment such as a personal computer, vword processor, and OA equip- 
ment, and home electric appliances including a portable television set. and expected to further expand its market. 
Accordingly, there is a demand for further improvement of image quality. A description will be made by taking the TFT 
' LCD for instance. However, the present invention is not Bmited to the TFT LCD but can apply to a simple matrix LCD. a 
plasma addressing type LCD and so forth. Generally, the present invention is appNcable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. 

Cun-ently, a mode most widely adopted for the TFT LCD is a normally-white mode that is irrplemented in a twnsted 
nematic (TN) LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
Contrast and color reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT However, the 
TN LCD has a critical drawback of a narrow viewing angle range. This poses a problem that the application of the TN 
LCD is limited. 

In an effort to solve these problems, Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 
proposed an LCD adopting a mode referred to as an IPS mode. 

However, the IPS mode suffers from slow switching. At present, when a motion picture representing a fast motion 
IS displayed, drawbacks including a drawback that an image streams take place. In an actual panel, therefore for 
improving the response speed, the alignment film is not rubbed parallel to the electrodes but rubbed in a direction 
shifted by about 15°. However, even when the direction of rubbing is thus shifted, since the response time permitted by 
the IPS mode is twice longer than the one permitted by the TN mode, the response speed is very low Moreover when 
rubbing is earned out in the direction shifted by about 1 5°. a viewing angle characteristic of a panel does not become 
uniform between the nght and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. The VA mode does not use a rotary polarization effect which is used in the TN mode, but uses a birefringent 
(double refraction) effect. The VA mode is a mode using a negative liquid crystal material and vertical alignment film 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black dispfay appears 
When a predetermined voltage is applied, the liquid crystalline molecules are aligned in a horizontal direction and white 
display appears. A contrast in display offered by the VA mode is higher than that oHered by the TN mode. A response 
speed IS also higher, and an excellent viewing angle characteristic is provided for white display and black display The 
VA mode IS therefore attracting attention as a novel mode for a liquid aystel display. 

^'^ """^^ ^""^ P''*'®"' ^ ■^'^ concerning halftone display, that is, a problem that 

the light intensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast than 
the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing angle or 
a viewing angle characteristic, because even when no voltage is applied, liquid crystalline molecules near an alignment 
f 1^ are aligned nearly vertically However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
acrerioiic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the onentation directions of ttie liquid crystalline molecules inside pixels to a plurality of itwtually different 
directions. Generally, Ihe orientation direction of the liquid crystalline molecules (pre-tiH angles) which keep contact with 

?he"?uSn?»rS^2 / '^'^^^o" °« a ^"bbing treatment applied to the alignment film. 

The rubbing treatinent is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixels 

Though the rubbing ireatinent has gained a wide application, it is the treatment that rubbs and consequentiy. dam- 
ages, ttie surface of the alignment film and involves the problem that dust is likely to occur 

tilt pi.ri'^.'?"'!'^"^ a concayoK^nvex pattern on an electrode is known as another method of restricting thepre- 
tittangle of ttie hqu^crystalline molecules in the TN mode. The lk,uid crystaBine molecules in ttie proximity of the Si- 
trodes are orientated along the surface having the concavo-convex pattern 

^ttil'llT™'" "T*"^ performance of a liquid crystal display device in the VA mode can be improved by 
setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually diffeTenTS^ 
tions. Japanese Unexamined Patent Publication (KoKai) No. 6-301036 discloses a LCD in Zicf^l^^es^ep^^ 
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on a counter electrode. Each aperture faces a center of a pixel electrode and oblique electric f ielcte are generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided into two 
or four directions due to the oblique electric fields. However, the LCD cfisclosed in Japanese Unexamined Patent Publi- 
cation (Kokai) Na6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 
speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a half of a 
pixel size, a time for all liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further. Japanese Unexamined Patent Publication (Kokai) Na 7-199193 discloses a VA LCD in which slopes hav- 
ing different directions are provided on electrodes and the orientation directions of the liquid crystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kokai) No-7-l99i93 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 
black display cannot be obtained. This causes a reduction of contrast. Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline molecules do not change their 
orientations when a voltage is applied due to the accumulated charges. This phenomenon is so-called a burn. 

As described above, there are some problems to realize a division of orientation directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 
It while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of the present invention, in the VA mode employing a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage Is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulating means is pro- 
vided on at least one of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes) 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing need not be performed on 
the vertical alignment film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to the surfaces of the substrates. The liquid crystalline 
molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crystalline 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rub- 
bing, the azimuth in which the liquid crystalline molecules tilt due to the electric fields includes all directions of 360** If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is riot carried out. the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid aystalline molecules in 
contact with the surfaces of the protrusions. When a voltage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields 

As mentioned above, the inclined surfaces fill the role of a trigger for determining azimuths in which the liquid crys- 
talline molecules are aligned with application of a voltage. The inclined surfaces need not have large area With small 
inc ned surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 
tal layer^except the inclined surfaces are aligned vertically to the surfaces of the substates. This can result in a neariy 
perfect black display. Thus, a contrast can be raised. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 

Figs. 1 A and 1 B are diagrams for explaining a panel structure and an operational principle of a TN LCD- 
LCD *° diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

Figs. 3A to 3D are diagrams for explaining an IPS LCD; 

as an iaS^oHhe^^^^^ ^ coordinate system employed in studying viewing of a liquid crystal display 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to the 
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polar angle: 

Figs. 7A to 7C are diagrams tor explaining a VA LCD and proUems thereof; 

Figs. 8A to 8C are diagrams tor explaining rubbing treatment; 

Figs. 9A to 9C are diagrams for explaining principles of the present inventton; 

Figs. 10A to 10C are diagrams for explaining determination of an orientation by protrusions; 

Figs. 1 1 A to 1 1 C are diagrams showing examples of the protrusions; 

Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means; 

Fig. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment: 

Figs. 1 4A and 14B are diagrams showing the structure of a panel in accordance with a first emt>odiment; 

Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in the first eirtiodiment: 

Fig. 1 6 is a diagram showing the pattern of protrusions outside a display area of the first embodiment; 

Fig. 1 7 is a sectional view of the LCD panel of the first embodiment: 

Figs. ISA and 18B are diagrams showing the position of a liquid-aystal injection port of the LCD panel of the first 
embodiment; 

Fig. 19 is a diagram showing contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Figs. 20A and 20B are diagrams indicating a change in response speed acconding to a change of spacing between 
protrusions in the panel of the first embodiment: 

Fig. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
in the panel of the first ennbodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first emt>odiment; 
Figs. 23A to 23C are diagrams showing changes in display luminance levels of the panel of the first embodiment: 
Figs. 24A and 248 are diagrams showing changes in display luminance levels of the panel of the first embodiment; 
Fig. 25 is a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phase- 
difference film; 

Figs. 26A to 26C are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Fig. 27 is a diagram for explaining occurrence of light leakage near the protri^ons; 

Fig. 28 is a diagram showing a change in transmittance according to a change of applied voltage; 

Fig. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 

Fig. 30 is a diagram showing a change in transmittance of white display according to a change of height of orotru- 

sions in the panel of the first embodiment: 

Fig. 31 is a diagram showing a change in transmittance of black display according to a change of height of orotru- 
sions in the panel of the first embodiment; 

Fig^32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first embodiment; 

Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 
Fig. 34 is a diagram showing a pattern of protrusions of a third embodiment: 
Fig. 35 is a diagram showing a modification of the pattern of protrusions of the thiid embodiment- 
Fig. 36 IS a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions- 
Figs. 37A and 378 are diagrams showing shapes of protrusions of a fourth embodiment; protrusions 
Figs. 38A and 388 are diagrams showing a structure of a panel of a fifth embodiment- 
Fig. 39 IS a diagram showing a pattern of slits of a pixel electrode of the fifth embodiment- 
Fig. 40 IS a diagram showing an example of alignment of liquid crystalline molecules at a connection of slits- 
Fig. 41 is a diagram showing generations of domains in the panel of the fifth embodiment; 
Fig. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Fig^43 is a diagram showing generations of domains at corners of the protrusions and slits in the panel of the sixth 

Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth emtxxjiment; 
Fig. 45 IS a diagram shownng a pattern of pixel electrodes of the sixth embodiment- 
Fig. 46 IS a sectional view of the LCD panel of the sixth embodiment; 

Fig. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment- 

fS Infao^ ""7^ ^^'"^ ''^^"^ "^'"^^ °* P^"^ sixth embodiment; 

fS' Si fr^ toR ^'^"^ ^ ^ modification of pattern of pixel electrodes of the sixth embodiment ; 

eISbod°r^emT ""^ ^ °* ^^"^^ « °* ^ panel of the seventh 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment 
Fig. 52 IS a diagram showing a structure of a panel of an eighth embodiment; 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth embodiment: 

Fig. 54 is a diagram shewing a pattern of protrusions a panel of a ninth enrtxxJiment; 

Fig. 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 

Fig. 56 is a diagram showing a modification of pattern of protnjsions of the ninth embodiment; 

Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 

Fig. 58 is a diagram for explaining a problem occun*ed in a structure using zigzag protrusions; 

Fig. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schlieren structure is 

observed; 

Fig. 60 is a diagram showing a region where response speed are reduced; 

Figs. 61 A and 61B are sectional views of the portions where the response speed is reduced; 

Figs. 62A and 62B are diagrams showing a fundamental an^angement of a protrusion with respect to an edge of 

pixel electrode in a tenth embodiment: 

Fig. 63 is a diagram showing an arrangement of protrusions in the tenth entodiment; 
Fig. 64 is a detailed diagram showing a distinctive portion of the temh emtxxjiment; 

Figs. 65A and 658 are diagrams for explaining a change in orientation direction by irradiation of ultraviolet light; 
Fig. 66 is a diagram showing a modification of the tenth embodiment; 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of ttie pixel 
electrode; 

Fig. 68 is a diagram for explaining desirable arrangements of the depressions and an edge of ttie pixel electrode; 
Figs. 69A and 698 are diagrams showing desirable arrangements of the proti-usions and edges of the pixel elec- 
trode; 

Figs. 70A and 708 are diagrams showing a pattern of proti-usions of a eleventh embodiment: 
Fig. 71 is a diagram showing an example in which discontinuous proti-usions are provided in each pixel; 
Fig. 72 is a diagram showing shapes of ttie pixel electrodes and proti-usions of a twelftti embodiment; 
Fig. 73 is a diagram showing a modification of shapes of ttie pixel electi-odes and proti-usions of a twelfth embodi- 
ment; 

Fig. 74 is a diagram showing a modification of shapes of ttie pixel electi-odes and proti-usions of a twelftti embodi- 
ment; 

Fig. 75 is a diagram showing a pattern of protrusions of a thirteenth ent»odiment; 
Figs. 76A and 768 are sectional views of ttie third embodiment; 

Figs. 77A and 778 are diagrams showing an operation of a storage capacitor (CS) and a structure of elecfrodes; 
Figs. 78A and 78B are diagrams showing an arrangement of protrusions and CS electrodes of a fourteentti embod- 
iment; 

Figs. 79A and 798 are diagrams showing an arrangement of slits and CS electi-odes of a modification of tfie four- 
teenth embodiment; 

Figs. 80A and 808 are diagrams showing an arrangement of protrusions and CS electrodes of an anottier modifi- 
cation of the fourteenth embodiment; 

Figs. 81 A and 818 are diagrams showing an arrangement of prottusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 

Fig 82 is a diagram showing a pattern of protnjsions of the fifteentti embodiment; 

Figs. 83A to 83D are diagrams for explaining alignment changes of the liquid crystalline molecules in ttie fifteentti 
embodiment; 

Fig. 84 is a diagram showing a viewing angle characteristic of ttie panel of the fifteentti embodiment; 

Figs. 85A to 850 are diagrams showing changes of response times between gray-scale levels in ttie fifteentti 

embodiment TN LCD, and ottier VA LCDs; 

Figs. 86A and 868 are diagrams showing an arrangement of protrusions of a modification of ttie fifteentti embodi- 
ment; 

Fig. 87 is a diagram showing an arrangement of protrusions of anottier modification of ttie fifteentti embodiment- 
Fig. 88 IS a diagram showing an arrangement of protrusions of anottier modification of ttie fifteentti embodiment- 
Pig. 89 IS a diagram showing an arrangement of protrusions of anottier modification of ttie fifteentti embodiment- 
Figs. 90A and 90B are diagrams showing a sti-ucture of protrusions of a sixteenth errfcodiment; 
Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth embodiment 
Figs. 92A and 928 are diagrams showing a sti-ucture of a panel of a seventeentti embodiment; 
Fig. 93 IS a diagram showing a stiucture of a panel of a eighteentti ent)odiment; 
Fig. 94 is a diagram showing a stiucture of a panel of a nineteentti embodiment- 
Fig. 95 is a diagram showing a stiucture of a panel of a twentieth embodiment; 
Fig. 96 is a diagram showing a stiucture of a panel of a modification of ttie twentietti embodiment- 
Fig. 97 IS a diagram showing a structure of a panel of anottier modification of the twentieth embodiment 
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Fig. 98 is a diagram showving a structure of a panel of another modification of the twentieth embodiment; 

Figs. 99A and 99B are diagrams shewing a structure of a panel of a 21st embodiment; 

Figs. 100A and 100B are diagrams for explaining an influence off an assembly en-or to the alignment division; 

Figs. 101 A and 101B are diagrams showing a structure of a panel of a 22nd embodiment; 

Fig. 102 is a diagram showing a structure of a panel of a 23rd emt>odiment; 

Figs. 103A and 103B are diagrams showing a structure of a panel of a 24th embodiment; 

Fig. 104 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied: 

Figs. 105A and 105B are diagrams showing a structure of a panel of a 25th embodiment; 

Fig. 1 06 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 

length between protrusions is measured; 

Fig. 107 is a diagram showing the relationship of response time with respect to the gap length; 
Figs. 1 08A and 1 08B are diagran^ showing a relationship of a transmittance with respect to a gap between protru- 
sions; 

Figs. 109A and 109B are diagrams showing an operational principle of the 25th embodiment; 
Fig. 1 10 is a diagram showing a structure of a panel of a 26th embodiment; 
Fig, 1 1 1 is a diagram showing a viewing angle characteristic of the panel of the 26th entxxJiment; 
Fig. 1 12 is a diagram showing a pattern of protrusions of normal types; 

Fig, 113 is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the liquid aystal; 

Fig. 1 14 is a diagram showing a pattern of protrusions of a 27th embodiment; 

Fig. 1 15 is a diagram showing a relation between an applied voltage and transmittance; 

Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment; 

Fig. 1 1 7 is a diagram showing a pattern of protrusions of a 29th embodiment; 

Fig. 118 is a diagram showing a pixel structure of the 29th embodiment; 

Fig. 1 19 is a diagram shewing shapes of protrusions of a 30th embodiment; 

Fig. 120 is a diagram showing a change of transmittance according to a change of height of protrusions; 
Fig. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 
Fig. 122 is a diagram showing a change of transmittance in white level according to a change of height of protru- 
sions; 

Fig. 123 is a diagram showing a change of transmittance in black level acconjing to a change of height of protru- 
sions; 

Figs. 124A and 124B are diagrams showing pixel structures of an modification of the 30th embodiment; 

Figs. 1 25A and 1 25B are diagrams showing shapes of protrusions of a 31 st entjodiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal laver in a 

panel of the VA LCD; 

Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Fig. 131 is a diagram showing a structure of a panel of a 32nd embodiment; 
Fig. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 
Fig, 1 33 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 
Figs. 1 34A and 1 34B are diagrams showing a pattern of protrusions of the 33rd embodiment; 
Fig. 1 35 is a diagram showing a structure of a panel of a 34th embodiment; 
Figs. 136A and 136B are diagrams showing a pattern of protrusions of the 34th embodiment; 
Figs 1 37A to 1 37D are diagrams showing a process for producing a TFT substrate of the 35th embodiment- 
Fig. 1 38 IS a diagram showing a structure of a TFT substrate of the 35th embodiment; 
Figs. 1 39A to 1 39E are cfiagrams showing a process for producing a TFT substrate of the 36th embodiment 
Figs. 140A and 140B are diagrams for explaining a problem of dielectric substance on an electrode- 
Figs. 141 A and 141 B are diagrams showing a structure of protrisions of a 37th embodiment; 
Figs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th erribodimenf 
Fig. 143 IS a diagram showing a structure of protrusions of a 38th embodiment; 
Figs. 144Aand 1448 arediagramsshowingachangeof a shape of a protrusion due to baking ■ 
Figs^ 145A to 145E are diagrams showing a change of the shape of the protrusion according to baking terrpera- 
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Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
tri^ion; 

Figs. 147A and 147B are diagrams showing protrusions and a forming condition of the vertical alignment fam; 
Figs. 148A to 148C are diagrams showing an example of a method of forming protrusions according to a 39th 
embodiment; 

Figs. USA and 148B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment: 

Fig. 150 is a diagram showing an another exanple of a method of forming protrusions according to the 39th 
embodiment; 

Figs. 1 51 A and 151 B are diagrams showing changes of a repellent occurrence ratio according to the ultraviolet light 
irradiation; 

Figs. 152A to 152C are diagrams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Figs. 153A to 153C are diagran^ showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Figs. 154A and 154B are diagrams showing an another example of a method of forming protrusions accordino to 
the 39th embodiment; 

Figs. 155A and 155B are diagrams showing an another example of a method of forming protrusions accordino to 
the 39th embodiment; 

Fig. 156 is a diagram showing a temperature condition of the method shown in Figs. 155A and 155B; 

Figs. 157A to 157C are diagrams showing an another example of a method of forming protrusions according to the 

39th embodiment: 

Fig. 1 58 is a diagram showing a structure of a panel of a prior art provided with black matrices; 

Fig. 1 59 is a diagram showing a structure of a panel of a 40th embodiment; 

Fig. 1 60 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Fig. 1 62 is a sectional view of a panel of the 41 st embodiment; 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 
Fig. 164 is a diagram showing a structure of a prior art panel having spacers; 

Figs. 165A and 165B are diagrams showing structures of panels of a 43rd embodiment and an mocfification thereof- 
Figs. 1 66A and 1 66B are diagrams showing structures of panels of modifications of the 43rd embodiment; 
Fig. 1 67 IS a diagram showing a structure of a panel of a modification of the 43rd embodiment: 
Figs. 1 68A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Fig. 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap in the 44th 
embodiment; 

Fig. 1 70 is a diagram showing a relationship between a scattered density of spacers and generations of blemishes 
when a force is applied to the panel; 

Figs. 1 71 A and 1 71 B are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusjons have ion absorption ability: 

f^gs. 172A and 172B are diagrams showing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability; 

FigsJ^73A and 173B are diagrams showing structures of CF substrates of a 45th embodiment and a modification 
tnereof; 

Fig. 1 74 is a diagram showing a structure of a panel of a 46th embodiment; 

Figs- 175A and 175B are diagrarr^ showing structures of CF substrates of another modifications of the 46th 
embodiment: 

""SJ-^^V"^ diagrams showng structures of CF substrates of another modifications of the 46th 

emDooiment; 

""SJ^^-f"^ diagrams showing structures of CF substrates of another modifications of the 46th 

emDodiment; 

Fig. 178 is a diagram showing a structure of a panel of an another modification of the 4eth embodiment- 
elSbodimert^""^ '^'^^^'^ structures of CF substrates of another modifications of the 46th 

eiSodimert^"'* '^'^^^"^ structures of CF substrates of another modifications of the 46th 

ISSh elJbodiml^ ° ^'^ <^«9rams showing a process for forming protrusions on the CF substrate according to a 
Fig. 1 82 is a diagram showng a structure of a panel of the 47lh embodiment: 
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Figs. 183A and 180B are diagrams showing a prcxess for forming black matrices of the CF substrate according to 
a 48th embodiment; 

Figs. 184A and 184B are diagrams showing a structure of a panel of the 48th embodiment; 

Figs. 185 A to 185C are diagrams showing a process for forming protrusions on the CF sii>strate according to a 

49th embodiment; 

Fig. 186 is a diagram showving a structure of a panel of the 49th embodiment: 

Fig. 187 is a diagram showing a process for forming protrusions on the CF substrate according to a 50th embodi- 
ment; 

Figs. 1 88A and 188B are diagrams showing a structure of a panel of the 50th embodiment; 
Fig. 189 is a diagram showing a structure of a CF sutjstrate of a 51th embodiment: 

Figs. 190Aand 190B are diagrams showing structures of CF substrates of modifications of the 51th embodiment; 

Fig. 1 91 is a diagram showing structures of CF substrates of modifications of the 51 th embocfiment; 

Fig. 192 is a diagram showing structures of CF substrates of modifications of the 51th embocfiment: 

Fig. 193 is a diagram showing a structure of a panel of an another modification of the 50th embodiment; 

Fig. 194 is a diagram showing an example of a product employing the LCD in accordance with the present inven- 

tion; 

Fig. 195 is a diagram showing a structure of the product shown in Fig. 197; 

Figs. 196A and 196B are diagrams showing examples of arrangements of the protrusions in the product: 

Fig. 1 97 is a flowchart showing a process of a panel according to the present invention; 

Fig. 1 98 is a flowchart showing a process of forming protrusions; 

Fig. 1 99 is a diagram for explaining a process of forming protrusions by printing: 

Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus; 

Figs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 202A and 202B are diagrams showing examples of the positions of liquid-aystal injection ports of the LCD 
panel; 

Figs. 203A and 203B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Fig. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
present inverrtion; 

wffon^^ diagrams for explaining a defect due to contamination by pdyurethane resin and sWn in the 

VA LCD; 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 
area; 

Fig. 207 is a diagram showing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances; 

Fig. 208 is a diagram showing a simulation result of a discharge time at respective specific resistances 
Fig. 209 IS a diagram showing a simulation result of a discharge time at respective ^cific resistances- 
Fig. 210 IS a diagram showing a fundamental constitution of the prior art VA LCD; 
Fig. 21 1 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD- 
Fig. 212 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD- 
Fig. 213 IS a diagram showing a fundamental constitution of the panel of according to the presert invention- 
Fig. 214 IS a diagram showing a viewing angle characteristic (contrast ratio) of present invention- 
Fig. 215 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of present invention- 
Fig. 216 IS a diagram for explaining characteristics of a retardation film; 
Fig. 217 is a diagram showing a constitution of a panel of a 52nd embodiment; 

Fig. 218 is a diagram showing a viewing angle characteristic (gray-scale rever^l) of the 52nd embodiment- 
Pig. 2-^ IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment' 

t ^^"^ ^^'"^ ^ relationship of a polar angle at which a predetermined value of contrast 'can be 
obtained with respect to a retardation in the 52nd embodiment; - 
Fig. 221 is a diagram showing a constitution of a panel of a 53rd embodiment; 

p'^" f S ^ t^^^ ^ ""^'"^ ^"^'^ characteristic (gray-scale rever^l) of the 52rd embodiment- 

hig. 223 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment" 
JLfn^'^l. ^^"^^^'"^ ^ relationship of a polar angle at which a predetermined value of contrast'can be 
obtained witii respect to a retardation in the 53rd embodiment: can ue 

Fig. 225 is a diagram showing a constitution of a panel of a 54th embodiment- 

^2' .2^*'.1^'^9^^ sf~*'"9 a relationsNp of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 54th embodiment: 
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Fig. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Fig. 228 is a diagram showing a change of a polar angle at which no ^ay-scale reversal is generated with respect 
to a retardation in the 54th embodiment; 

Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embodiment; 

Fig. 230 Is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 231 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 232 is a diagram showing a constitution of a panel of a 56th embodiment; 

Fig. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 
Fig. 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment- 
Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 56th ennbodiment; 
Fig. 236 is a diagram showing a constitution of a panel of a 57th embodiment; 

Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 
Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment- 
Fig. 239 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 57th embodiment; 
Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 

Fig. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 
Fig. 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment- 
Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 58th emixxliment; 
Fig. 244 is a diagram showing a constitution of a panel of a 59lh embodiment; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 246 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment- 
Fig. 247 IS a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 59th embodiment; 

Fig. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with resoect 
30 to a retardation in the 59th embodiment; 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment; 

Fig. 250 is a diagram showing a change of an ion density when an ion absorption treatment is applied to the Dro- 

trusions; ^ 

Figs- 251 A to 251D are diagrams showing a process of a method of a panel of a modification in the 51st embodi- 
35 ment; 

Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
second embodiment; c u mc 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second errtjodimenf 
Figs. 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
*o sixteenth embodiment; k<» = uie 

Fig. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth embodiment. 

Before proceeding to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
crystal display dev.ce will be described to allow a clearer understanding of the differences between the present inven- 
45 tion ana the prior art. 

J"'^' ' B are diagrams for explaining the structure and principles of operation of a panel of the TN LCD As 
T^"!! ^ ^'"^ P'^'^^ °" transparent electrodes 12 and 13 formed on glass substrates 

srltJZTS!?^ "I ^ ^ orientation directions of the liquid crystalline molecules on the two substrates 
are shifted by 90 to each other, and a TN liquid crystal is sandwiched between the transparent electrodes Due to Z 
properties of the Iqud aystal. liquW crystalline molecules in contact wfth the alignmentl^s are aligS in tJe d!r«: 
tions of the onentation defined by the alignment films The other liquid crystalline molecules are aligneSIn ZTJ^Z 
aligned molecules. Consequently, as shown in Fig. 1 A. the liquid crystalline molecules are aligned while twisted by 90» 
TWO Sheet polar-zers 11 and 15 are located in parallel wrth the directions of the orientation'defin^ byte Slgnm^nt 



50 



55 



.y^J^rll P"'^"^*' °" a panel having the foregoing structure, the light passing through the 

shee potej^izer 1 1 becomes linearly-polarized light and enters the liquid crystal. Since the liqL c^lline toiSj^s 
are aligned while twisted 90'. the incident light is passed while twisted SoTThe light can tSerefSr^ m^uSthe 
lower sheet polarizer 15. This state is a bright state. e>eiore pass inrougn me 
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Next, as shown in Fig. 1 B. when a voltage is applied to the electrodes 12 and 13 and thus aiiplied to the liquid crys- 
talline molecules, the liquid crystalline molecules erect themselves to untwist. However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 
light. Tne linearly-polarized light incident on the liquid-crystal layer wfll therefore not tum the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings about a dark state. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast and color 

0 reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Figs. 
2A to 2C are diagrams for explaining this problem. Rg. 2A shows a state of white display in which no voltage is applied. 
Fig. 2B shows a state of halftone display in wrtiich an intermediate voltage is applied, and Fig. 2C showre a state of black 
display in wrhich a predetermined voltage is applied. As shown in Fig. 2A. in the state in which no voltage is applied 

; liquid aystalline molecules are aligned in the same direction with a slight inclination (about 1 to 5°). In reality, the mol- 
ecules are twisted as shown in Fig. lA. For convenience' sake, the molecules are illustrated like Rg. 2A. In this state 
light IS seen nearly white in any azimuth. Moreover, as shown in Fig. 2C. in the state in which a voltage is applied, inter- 
mediate liquid crystalline molecules except those located near the alignment films are aligned in a vertical direction 
Incident linearly^larized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 
(panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Fig. 2B. in the state in which an intermediate voltage lower than the voltage applied in the state showm in Rg 
2C IS applied, the liquid crystalline molecules near the alignment films are aligned in a horizontal direction but the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway The birefringent property of the liquid crystal 
IS lost to some extent. This causes a transmittance to deteriorate and brings about halftone (gray) display However this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is 
Irght IS seen differently depending on whether it is seen from the left or right side of the draviring. As illustrated tfie liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above The liquid 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast the 
liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above The liiiuid 
crystal exerts a great birefringent effect relative to incident light, and the incident light is twisted. This results in nearly 
white display Thus, the most critical drawback of the TN LCD is that the display state varies depending on the viewing 

ioJoo^r '° problem. Japanese Examined Patent Publication (Kokai) Nos. 53-48452 and 1- 

1 ?ol ? o,^ ^" "-^^ ^'^'^'^ ^ """^^ '"^^"^ to as an IPS mode. Figs. 3A to 3D are diagrams for explaining 

the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied. Fig. 3B is a top view thereof with no voltage 
applied. Fig^ 3C is a side view thereof with a voltage applied, and Fig. 3D is a top view with a voltage applied In the IPS 
mode, as shown in Figs. 3A to 3D. slit-like electrodes 18 and 1 9 are formed in one substrate 1 7. and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transveise elec- 
tric wave^ A material exhibiting positive dielectric anisotropy is used to make a liquid crystal 14. When no electric field 
IS applied, an alignment film is rubbed in order to align the liquid crystalline molecules homogeneously so that the maior 
fT ° . f "^l"* molecules. will be nearly parallel to the longitudinal direction of the electrodes 18 and 19 

n ttie illitetrated example, the liquid crystalline molecules are homogeneously aligned with an azimuth of IS- relative to 
the lorigrtudinal direction Of the Slit-like electrodes in order ^ 

ITt^^'l."'' t application of a voltage, constant. In this state, when a voltage is applied to the slit- 

ijLl^^r.l' ^ u^^' """'^^ existent near the slit-like electrodes change their ori- 

entation so that the major axes thereof will be turned 90» relative to the longitudinal direction of the slit-like electrodes 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules will be aliqned 

1 s^b^r^t ° ''^"'1° ^'"-'"^ electrodes Jiquid crysSe n^ leSulS'^^^^^ 
IT '^""^ crystalline molecules are therefore aligned whiletwisted from the upper substrate 16 to the 
the substrates I6and 1 7 respectively so that the axes of transmission thereof will be orthogonal to each other Hhen 

black display can be attained wrth no voltage applied, and white display can be attained with a voltage applied 

As mentioned above, the IPS mode is characterized in that the liquid crystalline molecules do ncrt erect themselves 
but hirned in a transverse direction. In the TN mode or the like, when the liquid crystalline m^eSlS^erS^i^Hr^ 
thebirefringent property Of the liquid crystal varies depending onadirection of an viewing angle anda^bi^^ 
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When the liquid crystalline molecules are turned in the transverse direction, the birefringent property hardly varies 
depending on a direction. This results in very good viewing angle characteristics. However, the IPS mode has another 
problems. One of the problene is that a response speed is quite low. The reason *»hy the response speed is low is that 
although a gap between electrodes in the normal IN mode in which liquid crystalline molecules are turned is 5 microm- 
eters, the gap in the IPS mode is 10 micrometers or more. The response speed can be raised by narrowing the gap 
between the electrodes. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS mode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect. For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, the ratio in area of the electrodes to display gets large. This poses a problem that 
) a transmittance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. Att)resent, when a motion picture representing a 
fast motion is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, there- 
fore, for improving the response speed, as shown in Figs. 3B and 3D. the alignment film is not rubbed parallel to the 
electrodes but rubbed in a direction shifted by about 15". For realizing horizontal alignment, when an agent is merely 
applied to the alignment film, liquid crystalline molecules are arrayed freely leftward or rightwaid and cannot be aligned 
in a predetermined direction. Rubbing is therefore carried out for rubbing the surface of the alignment film in a certain 
direction so that the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out in the IPS mode, if rubbing proceeds parallel to the electrodes, liquid crystalline molecules near the center in the 
gap between the electrodes are slow to turn to the left or right with application of a voltage, and therefore dow to 
respond to the application. Rubbing is therefore, as shown in Figs. SB and 3D, earned out in a direction shifted by about 
15° in order to demolish right-and-left uniformity However, even when the direction of rubbing is thus shifted, since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
IS very low. Moreover, when rubbing is earned out in the direction shifted by about 15°. a viewing angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a 
specified angle of a viewing angle range. This problem will be described with reference to Figs. 4 to 6B. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
(of the IPS type herein). As illustrated, a polar angle 6 and azimuth <!> are defined in relation to substrates 16 and 17 
electrodes 18 and 19. and a liquid crystalline molecule 4. Fig. 5 is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels 
Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle e and 
azimuth <)> are shown in Fig. 5. In the drawing, reversal occurs at fours hatched areas. Figs. 6A and 6B are diagrams 
showing examples of changes in luminance of display of 8 gray-scale levels in relation to the polar angle 9 with the azi- 
muths fixed to values of 75° and 1 35» causing reversal. White gray-scale reversal occurs at gray-scale levels associated 
with high luminances, that is. when white luminance deteriorates with an Increasing value of the polar angle 9 Black 
gray-scale reversal occurs when black luminance increases with an increasing value of the polar angle 9 As mentioned 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that It is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmittance, a response speed and productivity, is sacrificed for the viewing angle characteristic 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristc of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Figs^ 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
matenal and vertical alignment film. As shown in Fig. 7A, when no voHage is applied, liquid crystalline molecules are 
aligned in a vertical direction and black display appears. As shown in Fig. 7C. when a predetermined voltage is applied 
the liquid crystelline molecules are aligned in a horizontal direction and white display appears. A contrast in dLlay 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher The 
VA mode IS therefore attracting attention as a novel mode for a liquid crystal display 

th« rSZS^S* "T^ ^ P'*'®'" ^ ™ conceming halftone display, that Is. a problem that 

1 ISL I K vari^depending on the viewing angle. For displaying a halftone in the VA mode, a voltage lower than 

L^nS^rnl "2 "^'^ '^'^^ «^ "^'fl- ^' '^"id crystalline molecules a^e 

frlfnM ^" "'"st'^ted, the liquid crystalline molecules are aligned parallel to light propagating 

from right below point to left above. The liquid crystal is therefore seen black when viewed from the left skJe there<! 

aligned vertically to light propagating from left below to right above. The liquid crystal exerts a great birefrinSn tffS 
relative to incrient light, therefore, disptey becomes neariy white. Thus, there is ^e problem th^Se lumSce >^"S 

cu^^ ^^an 'Zm!^^^ '"f Characteristic, because even when no voltage is applied, liquid crystalfine mole 
cules near an alignment film are aligned nearly vertically However, the VA mode is not certainly superior to the IPS 
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mode in terms of the viewing angle characteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 
a substrate suriace in the TN mode are restricted by the cfirection of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixels. Figs. 8A to 8C show a method of making 
the rubbing direction different inside the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
strate 1 6 (whose electrodes, etc., are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rubbing treatment in one direction. Next a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography. As a result, a layer 202 of the 
photo-resist which is patterned is tornied as showm in the drawing. Next, the alignment film 22 is brought into contact 
with a rubbing roll 201 that is rotating to the opposite cfirection to the above so that only the open portions of the pattem 
are rubbed. In this way, a plurality of regions that are subjected to the rubbing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liquid crystal become plural inside the pixel. Incidentally, the 
rubbing treatment can be done in arbitrarily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. 

Though the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequently, dam- 
ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Figs. 9A to 9C are diagrams for explaining the principles of the present invention. According to the present inven- 
tion, as shown in Figs. 9A to 9C, in the VA mode employing a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid aystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so that the orientation 
will include a plurality of directions within each pixel In Figs. 9A to 9C, as the domain regulating means, electrodes 12 
on an upper substi-ate are slitted and associated with pixels, and an electrode 13 on a lower substrate is provided with 
protrusions (projections) 20. 

As shown in Fig. 9A, in a state in which no voltage is applied, liquid crystalline molecules are aligned vertically to 
the surfaces of the substrates. When an intermediate voltage is applied, as shown in Fig. 9B, electric fields oblique to 
the surfaces of the substrates are produced near the slits of the electrodes (edges of the electrodes). iy/!oreover liquid 
crystalline molecules near the protrusions 20 slightly tilt relative to ttieir state attained with no voltage applied The 
inclined surfaces of the protrusions and the oblique electric fields determine the directions in which the liquid crystalline 
molecules are tilted. TTie orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protrusions 20 and the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are slightly tilting Conse- 
quently, the transmission of light is suppressed and halftone display of gray appears. Ught transmitted from right above 
to left below is hardly transmitted by a region of the liquid crystal in which liquid aystalline molecules are tilting leftward 
while the light is quite readily transmitted by a region thereof in which liquid crystalline molecules are tilting rightward' 
On the average, halftone display of gray appears. Ught transmitted from left below to right above contributes to gray dis- 
ptey due to the same principles. Consequently, homogeneous display can be attained in all azimuths Furthermore 
when a predetermined voltage is applied, liquid crystalline molecules become nearly horizontal as shown in Rg 9c' 
White display appears. Thus, in all states of black display, halftone display, and white display, excellent display with Irttie 
dependency on a viewing angle can be attained. 

, Now. Figa 10A and 10B are diagrams for explaining determination of an orientation by protrusions of dielectric 
material provided on the electrodes. In the specification, the dielectric materials are insulating materials of low dielec- 
ti-ic. Referring to Figs. 10A and 10B. an orientation determined by tiie protrusions will be discussed 

Protrusions are fomied afternately on the electrodes 12 and 13. and coated with the vertical alignment films 22 A 
iquid crystal employed is of a negative type. As shown in Fig. lOA. when no voltage is applied, the vertical alignment 
filnis 22 cause the liquid crystalline molecules to align vertically to ttie surfaces of the substrates. In this case, rubbing 
ufSJ'n ♦ T 11"^°"!!^ ^'9""^^* Liquid crystalline molecules near the protruaons 20 try to align 

verbcany to the indined surfaces of the protrusions. The liquid crystalline molecules near ttie protrusions are therefore 

I S.ir "^^T' ""f^^ ^PP"^' ^" '^9'°"^ °^ ^^ys*al other ttian the protrusions, liquid 

^.^.^on"^^^ ^^""^ "^^"^^ ^^'^"y *° '"^^^^ substrates. Consequently, as shown in Fig. 9A. 

excellent black display can appear. » ■ 

When a voltage is applied, the distribution of electric potentials in the liquid-crystal layer is as shown in Fig. 1 0B. In 
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the regions of the liquid-crystal layer wrthout the protrusions, the distribution is parallel to the substrates (electric fields 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shown in Figs. 7B and 7D, the liquid aystailine molecules tilt according to an electric field strength. Since the lectric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in which 
the liquid crystalline molecules tilt due to the electric fields includes all directions of 360°. If there are pre-tilted liquid 
crystalline molecules as shown in Fig. 10A. surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid aystalline molecules in 
contact with the surfaces of the protrusions. As shown in Fig. 10B, the electric fields near the protrusions are inclined 
) in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions corresporid to 
the directions in which the liquid crystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of the 
inclined surfaces of the protmsions contrtoute to stable alignment. Furthermore, when a higher voltage is applied, the 
liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for detemiining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For example, the inclined surfaces over the whole pixel are unnecessary However, if the size of the inclined sur- 
faces is too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 Mm. This mear^ that when the width of the protrusions is larger than 5 
Jim, a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-aystaJ layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This results in nearly perfect black display Thus, a contrast ratio can be improved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows the 
onentation direction when protrusions are used as the domain regulating means. Fig. 11 A shows a bank having two 
slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the bank being the boundary Fig 1 1 B shows a pyramid and the liquid crystalline molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary 
Fig. 1 1 C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to ihe substrate being the center. In the case of Fig. 11C the display state 
becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
IS better. When the relationship to the direction of polarization offered by a sheet polarizer is taken into account if the 
oblique orientation of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
detenorates. This is because when domains in the liquid crystal are defined uninterruptedly and radially liquid aystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficiently and liquid 
crystalline molecules Ij^ng in directions of 45- with respect to the axes work most efficientiy For improving the light use 
efficiency the directions included in the oblique orientation of the liquid crystal are mainly four directions or less When 
there are four directions, they should preferably be directions in which light components to be projected on the display 
surface of the liquid crystal display propagate with azimuths mutually different in increments of 90** In this case ttie 
ratio in nuni:er of liquid crystalline molecules aligned in directions in which light components to be projected on the dis- 
play surface propagate with azimuth mutually different by 180^ should preferably be neariy even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the light components to be projected on the display surface 
propagate wrth azimuths mutually different by 180^ the ratio in number of aligned liquid crystalline molecules of one set 
IS nearly even, while the ratio in number of aligned liquid aystalline molecules of the other set is uneven The set of 
aligned liquid aystalline molecules of which ratio in number is neariy even is a majority, and the set of aligned liquid 

7r.^!^^'''l'!!^i!^^^ "^f" negligible. In otfier words, a characteristic analogous 

to ttiat exhibited when two domains are defined in 1 80» different directions can be realized 

In Figs. 9A to 9C. for realizing the domain regulating means, the electrodes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20 Any other 
r^ArHl!"'" 'r.^'^ ^'"^^^^ examples of resizing the domaSi regulating meTr^ R^^ 

tht^^Zr^J^^^^^ '^'^ ' 2^ Of devising 

IndT™^^ I substrates, and Fig. 1 2C shows an example of devising the shapes of the electrodes 

InVn l T ..^^ """^"^ °' substrates. In any of the examples, the orientations sSn in Fig. 8 can be 
attain d. However, the structures of liquid crystals are a bit different from one another. 



EP0 884 626 A2 



In Fig. 12A, rTO electrodes 41 and 42 on both substrates or one of the substrates are sirtted. The surfaces of the 
substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is applied, 
liquid crystalline molecules are aligned vertically to the surlaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 
electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the oblique electric fields induced near the 
edges of tiie electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Fig. 12B. protrusions 20 are formed on both the substrates. Like the structure shown in Fig. 12A. the surfaces of 
' the substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating material witti 
low dielectric constant is used to form the protrusions, the elertric fields are interrupted (state close to tiie state attained 
by the oblique electric field technique, the same state as tiie state attained by tiie structure having ttie electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be refen-ed to as a both-side proti-usion 
technique. 

Fig. 1 2C shows an example of combining the techniques shown in Figs. 1 2A and 12B. The description will be omit- 
ted. 

Three examples of realizing tiie domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, tiie portions of the electrodes formed as the slits in Fig. 1 2A may be dented, and ttie dents 
may be provided with inclined surfaces. Instead of making tiie protrusions in Fig. 12B using an insulating material, pro- 
trusions may be formed on ttie substrates, and ITO elecfrodes may be formed on ttie substrates and proti-usions. Thus 
the electrodes having the protrusions may be realized. Even ttiis structure can regulate ttie orientation of ttie liquid ays- 
tal. Moreover, dents may be substituted for the proti-usions. Furttiermore, any of the described domain regulating 
means may be formed on one of ttie substrates When domain regulating means are formed on botti the substi-ates 
any pair of domain regulating means can be employed. Moreover, alttiough the protrusions or dents should preferably 
be designed to have inclined surfaces, ttie protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

When the protrusions are formed, during black display, parts of ttie liquid crystal lying in ttie gaps between ttie pro- 
trusions are seen black, but light leaks out through parts thereof near ttie protrusions. This kind of partial difference in 
display IS microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit. whereby contrast deteriorates. When ttie protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

When a domain regulating means is formed on one substrate or both substrates, profusions, dents or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions dents or 
slite are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can be 
achieved more stably Moreover, when the protrusions, dents, or slits are located on botti substrates, ttiey should pref- 
erably be arranged to be offset by a half pitch. ^ ^ 

In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) No. 6-301036 apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small Contrarily 
according to the present invention, the size of domain areas can be optionally detemiined because the domain regulat- 
ing means are provided on both of ttie pixel electrode and counter electrode. Furttier. at least one of the domain regu- 
lating means has inclined surfaces, ttie response speed can be improved. 

tH. ^ "PPe^ and lower substrates, protrusions or dents may be formed like a two^imensional lattice On 

Ln?te!tic!r^'^^^' ^'"^"^^^"^ °' "^^"'^ ™y ^ ^''^"^ed to be opposed to the cemers of squares of the two^limen- 

In any case, rt is required ttiat orientation division occurs within each pixel. The pitch of ttie protrusions dents or 
slits must be smaller tiian that of pixels. ' 
The results of examining ttie characteristics of an LCD in which the present invention is implemented demonstrate 

Tn p\TnT"' !^^^^ """""""^ 9^^^^^ ^ a TN LCD btTafs^ 

th JrnnTrS' f^" "^nn ""'^^ ^""'^ ''^"^ ^*^*"9 ^"9*^ Characteristic is quite excellent, and 

LCD r.niT ^i'^LT^'" '"^^ ™ LCD)- transmittance offered by me TN 

m^aL^^^^^^ '^^ '^'^ ^' P^^^ '"mention is 25 %. T^e trans- 

SleTpf L?D J'riL';!r^^^ 1 'T' ™ ^-^^ offered 

by the IPS LCD. A response speed is outstandingly higher than ttiose offered by the ottier modes For examole as far 

II r "''^ - LCD panel exhibrts an on speed (for transition from 0 J* to 5 ^o7£ n? Z 

off speed (tor transition from 5 V to 0 V) of 21 ms. and a response speed (on + off) of 44 ms. while an IPS LCD^n^ 
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exhibits an on speed of 42 ms, an off speed of 22 ms. and a response speed of 64 ms. According to the mode of the 
pr sent invention, the on speed is 9 ms, the off speed is 6 ms, and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or oblique electric fields determine directions in wrtiich liquid aystalline mole- 
cules tilt. Unlilce the ordinary TN orlPS mode. rut*irig need not be earned out. In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IRA) vnthout fail. The cleaning may damage an alignment film, causing imperfect 
I alignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
substrates is unnecessary 

Fig. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first enAmdiment of the present 
invention. As shovm in Fig. 13, the liquid crystal panel of the first embodiment is a TFT LCD. A common electrode 12 is 
formed on one glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formed 
parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFT s 33 and cell electrodes 13 formed like a matrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The glass substrate 16 is referred to as a color filter (CF) substrate because color filters are formed 
while the glass substrate 17 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now, the 
shapes of the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first errtodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a state in which the panel is seen obliquely and Fig. 14B 
IS a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment. Rg. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 
panel of the first embodiment, and Fig. 17 is a sectional view of the liquid crystal panel of the first embodiment 

As shown in Fig. 17, a black matrix layer 34, an ITO film 12 providing color filters and a common electrode and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 16 facing a liquid crystal. The I7D film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 forming gate bus lines. CS electrodes 35, insulating films 40 and 43, electrodes forming 
data bus lines, an ITO film 13 providing pixel electrodes, and protrusions paraUel to one another with an equal pitch 
among them are formed on the surface of a side of a TFT substrate 17 facing the liquid crystal. The TFT substrate is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment, protrusions 20A and 20B are made of a 
TFT flattening material (positive resist). 

Afi shown in Rg. 14A. the pattern of the protrusions 20A and 20B is a pattern of parallel protrusions extending 
straighHy and arranged with an equal pitch among them. The protrusions 20A and 20B are arranged to be offset by a 
half pitch. The structure shown in Fig. 14B is thus realized. As mentioned in conjunction with Fig. 9B, the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 1 5. As shown in Fig. 15. in a general color- 
display liquid crystal display three pixels of red. green, and blue constitute one color pixel. The width of each of the red 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be arrayed with the same 

^K^J'^^L^^^f t"^ ^ P'''®' ''^'"^^ P*«' electrode. Among arrayed pixel electrodes, gate bus lines 

(hKJderi behHTd the protrusions 208) are laid down sideways, and data bus lines 32 are laid down lengthwise. The TFTs 

■l^r^o ^"^^ 9^*^ ""^ 3^ ^"^ '^^'^ ""es 32, whereby the pixel electrodes are 

r^erconnected Opposed to the gate bus lines 31 , data bus lines 32, and TFTs 33 included in the respective pixel elec- 
mxles 13 are black rratrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
♦fnc^ f electrodes are light-interceptive, the CS-electrode por- 

l^er J^^1?B " ™" "^"^ ^= P'''^'^ Consequently, each pixel is divided into an upper part 13A and 

rpni^lf!f.H°L*^^ ^'""t ^'^ ^'^^ P™fr"S*ons 20A are lying and four protrusions 208 are lying. Three first 
regions each having the protrusions 208 on the upper side of the panel and the protrusions 20A on the lower side 
InT In l^^^^ ^^'"^ protrusions 20A on the upper side thereof and the protrusions 20B 

Se7s iTa'r^^^'aB ! tlr:'"''"'' ^^'^ ^ ^^B. In the pixel composed of the 

pixels 13A and 138. a total of six regions of the first and second regions are defined 

As shown in Fig. 16. on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 20B is extend- 
ir^o^side opmost pixels and beyond rightmost pixels. This is intended to altow orientation division Socxur in 
emiost pixels in the same manner as that in the inner pixels. 

Figs. ISA and 188 are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 100 
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of the first embodiment through which a liquid crystal is injected. As descrit>ed later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, after the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 
the time required for injecting the liquid crystal, as shown in Fig. 1 8A. a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid aystal. The exhaust ports 
should, as shown in Fig. 18B, be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 12 and 13 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 micrometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20 A and 20B are spaced by 15 micrometers. This means that 
a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage is applied to the panel of the second embodiment, the interior of the panel is observed 
using a microscope. The observation has revealed that very stafcrfe alignment is attained. 

Furthermore, in the panel of the first embodiment, a response speed has quite improved. Figs, 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first embodiment in relation to 
changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Fig. 20A 
indicates an on speed (for trareition from 0 to 5 V). Fig. 208 indicates an off speed (for transition from 5 to 0 V), and 
Fig. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs. 20A to 21 , a fall time 
off is hardly dependent on the spacing but a rise time on varies greatly The smaller the spacing is, the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 
ies slightly depending the thickness of cells. That is to say when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is nan-owed. It has been actually confirmed that as far as the spac- 
ing is about 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly 

In any case, the panel of the first entxxJiment permits the satisfactory switching ^eed. For example, when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, the response speed for 
transition between 0 and 5 V. that is, the on time on is 9 ms. the off time off is 6 ms. and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Figs. 22 to 248 are diagrams showing the viewing angle characteristic of the panel of the first embodiment. Rg, 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Figs. 23A to 248 show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Fig. 23A shows a change 
occurring at an azimuth of 90^ Fig. 238 shows a change occurring at an azimuth of 45^ and Fig. 23C shows a change 
occurring at an azimuth of 0^ Rg. 24A shows a change occurring at an azimuth of -45°, and Fig. 248 shows a change 
occurring at an azimuth of -90°. Hatched parts of Fig. 22 indicate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
vertically unrfam characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C. gray-scale reversal of black occurs at a viewing angle of 
about 30^ Sheet polarizers are bonded in such a way that the absorption axes thereof will lie at 45° and 135° respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 
oblique direction is very good. The characteristics offered by this embodiment are ovenwhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightly inferior to the IPS mode in tenns of viewing angle char- 
acteristic. However, once one phase^ifference film or optical compensation film is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it ovenwhelms the one offered 
by the IPS mode. Figs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 
the first embodiment having the phase-difference film, and correspond to Rgs. 22 to 23C. As illustrated, deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occurring in a 
lateral directon on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display However, generally, gray-scale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Tlius. once the phase^ifference film is employed better 
characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing diffrculty 

An attempt was made to discuss optimal conditions by creating various variatrons of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in WacK light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, light incident vertically on portions of the electrodes 13 on the lower substrate on which 
the protrusions 20 are tonmed is transmitted to some extent because liquid crystalline molecules are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display By contrast, liquid 
crystalline molecules near the apices of the protrusbns are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper substrate. During black display, near the protnj- 
sions, halftone display and black display are carried out partially This partial difference in display is microscopic and 
discernible to naked eyes. The whole display exhibits averaged display intensity. The black display deteriorates a bit. 
whereby contrast deteriorates. The protrusions are therefore made of a mata-ial not allowing passage of visible light, 
) namely made of material shielding visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusions are made of a material shieWing visit^e light, contrast can be further inproved. 

A change in response speed occurring when the spacing between protrusions is varied has been described in con- 
junction with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were 7.5 
micrometers and 15 miaometers respectively, and the thickness of cells was approximately 3.5 micrometers. The 
height of the resist was set to 1 .537 pm, 1 .600 ^im, 2.3099 jim. and 2.4486 nm. The transmittance and contrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 28 and 29. A change in transmittance 
dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) is shown in Rg. 30. 
A change in transmittance dependent on the height of the protrusions (resist) occurring in a black state (when no volt- 
age is applied) is shown in Rg. 31. A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Rg. 32. The higher the resist is, the higher the transmittance in the white state (when a voltage is applied) 
becomes. This is presumably attributable to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 
increase in height of the resist. This causes black levels to fall and is therefore not very preferable. The causes of light 
leakage will be described in conjunction wrth Fig. 27. Uquid crystalline molecules lying immediately above the protru- 
sions (resist) and in the spacings between the protrusions are aligned vertically to the surfaces of the substrates. Ught 
leakage does not occur in these places. However, liquid crystalline molecules lying on the slopes of the protrusions are 
aligned slightly obliquely As the protrusions get higher, the area of the slopes increases and a light leakage increases 
The contrast (white luminance level / black luminance \e/e\) decreases as the resist gets higher However even 
when the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved without any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 15 were produced using TFT substrates 
and CF substrates having protrusions of 0.7 micrometers. 1.1 micrometers. 1,5 micrometers, and 2.0 micrometers in 
height. The trend revealed by the results of the experiment was also observed in the actually-produced liquid crystal 
panels. For actual viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achieved This is 
presumably because the panels originally permitted high contrasts and a litUe decrease in contrast was indiscernible to 
human eyes. Moreover, a panel including protrusions of 0.7 micrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on molecular alignment. Display was perfectly normal Conse- 
quently even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline molecules. 

Fig. 33 is a diagram showing a pattern of protrusions in the second embodiment. As shown in Rg 15 in the first 
embodiment, protrusions are linear and extending in a direction vertical to the longer sides of pixels In the second 
embodiment, protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
tne second embodiment are identical to those of the first embodiment. 

Figs. 252A and 252B show a modification of the second embodiment, wherein Rg. 252A shows a protrusion pat- 
tern and ^^Q 252B is a sectional view showing the arrangement of the protrusion arrangement. In this modification the 

^hTT2 ^^^"^^ °" ^^^^^^ ^ 6 in such a fashion as to pass 

through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 

IJi'Tc «oo^ 1^ '"^^'^'^ ^^y^^' two directions inside each 

thot'i "^^'"^^ protrusion 20A at the center of the pixel. Since the edge of 

?h "^"."T^ P'^^' orientation can be divided 

?nH I JJ" n^odrfication only one protrusion is disposed for each pixel and the distance between the protrusion 20A 
eS^LSr. r P;::?^'^*^^^ Th^^^fe^e. the response speed becomes lower than in the second 

T^TrZ ^ P^^::^^" P^°^^^ ^^^^^^ simpler because the protrusion is disposed on only one of the sides 
Of the substrate. Further, because the occupying area of the protrusion inside the pixel is small, display luminance can 
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be improved. 

Fig. 253 ^ows a protnjsion pattern of another modification of the second embodiment. The protrusion 20A dis- 
posed on the electrode 1 2 on the side of the CF substrate 1 6 is positioned at the center of the pixel 9. and no protrusion 
is deposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for exanple. Therefore, the liquid crys- 
tal is oriented in four directions Inside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
nance can t^e all the more improved. 

In the first and second embodiments, numerous linear protrusions extending unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 
which liquid crystalline molecules in two regions are aligned differ from each other by 180°. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimutins including an azi- 
mutii corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Figs. 7A to 7C occurs. For this rea- 
son, orientation division should preferably be division of the orientation into four directions. 

Fig. 34 is a diagram showing a pattern of protrusions in the third embodiment. As shown in Fig. 34, in the third 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
within each pixel 9. Herein, the pattern of protrusions extending lengtiiwise is created in the ifjper half of one pixel, and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of protrusions 
extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different by 
180**. that is, divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimutfis that are mutually different by 180**. that is. divides 
each pixel or domain lengthwise into two regions. Consequentiy. tiie orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, ttie viewing angle characteristics thereof relative to 
both the vertical direction and lateral direction are improved. In the third embodiment, the components other than ttie 
pattern of protrusions are identical to those of the first embodiment. 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This modification 
is different from the third embodiment shown in Rg. 34 in a point that a pattern of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of proti-usions extending sideways is created in the right half thereof. 
Even in this case, like ttie pattems of protrusions shown in Fig. 34. ttie orientation of the liquid crystal is divided into four 
directions witiiin each pixel 9. The viewing angle characteristics of ttie panel relative to botii ttie vertical direction and 
lateral direction are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Fig. 36, the alignment of liquid crystalline molecules near the apices of ttie protrusions is not regulated at all. 
Near the apices of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deteriorate 
display quality The fourtti embodiment is an example for solving ttiis kind of problem. 

Figs. 37A and 37B are diagrams showing ttie shapes of protrusions in ttie fourtti embodiment. The ottier compo- 
nents are identical to those of the first to third embodiments. In the fourtti embodiment, as shown in Fig. 37A. the pro- 
trusions 20 are partly tapered. The length of ttie taper portions is about 50 micrometers or less ttian it. For creating a 
pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the alignment of liquid crystalline molecules 
near the apices of the protixisions can t>e controlled. 

Moreover, in a modification of the fourtii embodiment, as shown in Fig. 37B. tapered juts 46 are formed on each 
protrusion 20. Even in this case, ttie lengtti of each tapered portion is about 50 micrometers or less than it. For creating 
a pattern of ttiis kind of protrusions, ttie pattern is drawn using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of ttie protrusions is applied 
and ttie tapered juts 46 on ttie protrusions 2 are left intact by perfomiing slight etching. Witti the juts, ttie alignment of 
liquid crystalline molecules near the apices of the juts can be controlled. 

Figs. 38A and 38B are diagrams showing the sfructure of a panel in ttie fifth embodiment. Fig 38A is a diagram 
Illustratively showing a state in which the panel is seen obliquely, and Fig. 38B is a side view. The f iftti embodiment is 
an example in which ttie sttucture of a panel con-esponds to the structure shown in Fig. 12C. The protrusions 20A are 
created as illustrated on ttie electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
applying a positive resist, and ttie slits 21 are created in ttie elecfrodes 1 3 {herein, cell (pixel) electrodes) formed on ttie 
surface of the other substrate. 

Cost serves as an important factor for determining whether a liquid crystal display device could become commer- 
cially successful or not. The liquid crystal display device of ttie VA system and. particularty. ttie VA system equipped wrtti 
a domain regulating means features a high display quality as described above but becomes expensive due to ttie pro- 
vision of the domain regulating means and. hence, it has been desired to further decrease ttie cost 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an increased number of steps arxJ increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a slit is fomied. On the side of the TFT substrate, therefore, the cost can be 
decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit is to be formed in the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Uke in the liquid crystal cf splay device of the first embodiment of the 
I present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter substrate is formed by a protrusion drivina uo 
the cost little. 

Fig. 39 is a diagram showing a pattern of slits of each pixel electrode in a modification of the fifth embodiment. This 
modification con-esponds to an example in which the protrusions 20B are replaced writh the slits 21 in the third embod- 
iment. 

When a slit is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, and electric connection portions must be provided to connect the partial 
electrodes together. When the electric connectton portions are formed on the same layer as the pixel electrodes, orien- 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristics, lumi- 
nance of the panel and response speed. 

According to this as shown in Fig. 39. therefore, the electric connection portons are formed in the perimeter of the 
pixel electrode 13 and are shielded by the Wack matrices (BM) 34 to obtain luminance and response speed comparable 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into upper and lower two por- 
tions. Reference numeral 34A denotes an opening of the upper side defined by BM, and 34B denotes an opening of the 
lower side defined by BM, and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal material and have light-shielding 
property To.obtain stable display, the pixel electrodes must be so formed as will not be superposed on the bus lines 
and light must be shielded betvireen the pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shielded from light. Therefore the BM 
34 has heretofore been provided for shielding light for these portions. According to this embodiment, the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide the BM for shielding light for the electric connection portions; i.e., the conventional BM may be used or the BM 
may be slightly expanded without decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel is divided into two portions, and therefore basi- 
cally exhibits the same characteristics as the one of the first embodiment. The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embodiment when the phase-difference film or optical compensa- 
^on film IS employed. The response speed of the panel is slightly lower than that of the panel of the first embodiment 
because oblique electric fields induced by the slits formed in one substrates arc utilized. Nevertheless, the on speed is 
! o« speed IS 9 ms. and the switching speed is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned above, display is seen litUe irregular However, the manufacturing 
process is simpler than those of the first and second embodiments. For example, in the course of forming ITO pixel elec- 
trodes (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is then drawn on a com- 
mon electrode using a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

For the reference, the measurement results of an example in which slits are provided on the cell (pixel) electrode 
1^!!°^ '1^°'.'^ T ^^"^ described. In this example, the cell electrodes have the slits, and the 

wirth and pitch of the slits are determined properly. Owing to this constitution, stable alignment is attained, that is liquid 

fh^S"^'" r ^" ^'"""^^ °* '"^^ *^"s ^«""ed wrth oblique electric fields induced near 

rhlSM. T!S '^^^^"^ molecules are aligned in all azimuths of 360- within each small region. The viewing angle 
charactenstic of the panel is therefore excellent. An image that is seen homogeneous in all azimuths of 360« can be 
produced. Hcw.ever, a response speed has not been improved. An on speed is 42 ms, and an off speed is 15 ms A 

^r^fr^Sn^ThL? """" kI *^ °" °" "^^ ^ ^« bS^proved very 

Zf» ^ Z that no problem occurs in displaying a still image but the response speed is not high enough to dis- 

hi!^m.c . . " P'^^^-^y «he number of the slits is decreased, the area oreach domain 

Becomes large, and it lengthens a time in which all liquid crystalline molecules are oriented. 
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In the fifth embodiment, when a voltage is applied, the liquid crystal has portions, in which molecular alignment is 
unstable. The reason will be described with reference to Figs. 40 and 41 . Fig. 40 is a diagram illustrating the distribution 
of orientation of liquid crystalline nwlecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direction perpendicular to the 
direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal orientation. 
Therefore, as shown in Fig. 41 . liquid crystalline molecules In the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 
Near the apices of tiie profrLsions and the centers of tiie slits, liquid crystalline molecules are aligned in a horizontal 
) direction but not in the vertical direction. Oblique electric fields induced by ttie slopes of the protrusions or the slits ena- 
ble control of the liquid crystal in the vertical direction in the drawing but cannot enable comrol in the lateral direction. 
For tills reason, a random domain is produced sideways near the apices of the protrusions and the centers of the slits. 
This has been confimried through microscopic observation. A domain near the apex of a protrusion is too small to be 
discerned, causing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 
sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregular This leads to deteriorated display quality. The panel in the fifth ent»odiment makes a littie poor impres- 
sion on image quality compared with the one provided by ttie first embodiment, though display has no problem. 

Abnormal orientation causes tiie luminance of the panel and tfie response speed to decrease. For example, a com- 
parison of a practical device in which an elech-ic connection portion is formed at the central portion of the pixel electrode 
with a practical device in which a protrusion is provided, indicates abnormal conditions such as a drop in tiie luminance 
and a residual image in which white appears bright for a moment when black changes into white. In the sixth embodi- 
ment, tiiis problem is solved. 

A panel of the sixth embodiment is provided by modifying tiie shape of tiie protrusions 20A and that of the slits 21 
in the cell electrodes 13 in the panel of the fifth embodiment. Fig. 42 is a diagram showing the shape of the protrusions 
20A of the sixth embodiment and that of the cell electrodes 1 3 thereof which are seen in a cS rection vertical to the panel 
As Illustrated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43. a domain divided regularly 
into four regions is produced. Consequently, irregular display that poses a problem in ttie fifth embodiment can be over- 
come. 



Fig. 44 is a plan view of a pixel portion in the LCD according to a sixtti embodiment of the present invention Fig 
45 IS a diagram illustrating a pattern of a pixel electrode according to ttie sixtii embodiment, and Fig. 46 is a sectional 
view of a portion indicated by A-B in Fig. 44. 

Referring to Figs. 44 and 46. in the LCD of the sixth embodiment, on one glass substrate 16 are formed a black 
matrix (BM) 34 for shielding light and a color decomposition filter (color f irter) 39. and a common electrode 1 2 is fomied 
on one surface ttiereof. Moreover sequences of protrusions 20A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is called color filter substrate (CF substrate). On tfie other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurality of data bus lines 32 arranged in parallel in a 
direction perpendicular to the scan bus lines. TFTs 33 arranged like a mafrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 13. The scan bus lines 31 form gate elec- 
trodes of ttie TFTs 33. and ttie data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as ttie data bus lines 32 and are formed simultaneously witti the formation of ttie drain electrodes A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and the data bus line 32. an insulating film is formed on ttie layer of the data bus line 
32 and. besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 
rectangular shape of 1:3 as shown in Fig. 45. and has a plurality of slits 21 in a direction tilted by 45 degrees wrth 
respect to the sid^ ttiereof. In order to stabilize the potential of every pixel electrode 13. furttiemiore. a CS electrode 
35 IS provided to form a storage capacitor. The glass substrate 1 7 is called TFT subsfrate 

As shown, ttie sequences of protrusions 20A of ttie CF substrate and ttie slits 21 of the TFT substrates are 
arranged being deviated by one-half pitch of their arrangement, so ttiat the substrates maintain an inverse relationship 
The protrusions and the slits maintain a positional relationship as shown in Fig. 12C. and the orientation of the liQuid 
crystals is divided into four directions. As described above, the pixel electrode 13 is formed by forming an ITD film 
applying a photoresist ttiereon. exposing it to light through a pattern of electrode, followed by developing and etchinq' 
J^^^TL^^^^ formed tt^rough ttie same step as ttie conventional step , ttie patterning isUSS as to 

remove the portion of the silt, without driving up the cost. 

^"^"^ f *!! *" ^""^ P''*' ^3 '^divided into a plurality of partial electrodes 

muS ho^t!" ^ n ^ ^ ^ *° P^'*^' ^'ence. the partial electrodes 

must be electncally connected together. According to this embodiment as shown in Fig. 45. thereforV the pixel elec- 
trode 13 IS not completely divided by slits, but the electrode is left at the perimetric portions 131 , 132 13^ c5 me pS^i 
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electrode 13 to form electric connection portions. As desaibed above, the alignments of the molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as shown in Fig. 10, the electric connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed comparable with those of when protrusions are formed on both of them. In this embodiment in 
which the CS electrode 35 having light-shielding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34A denotes an opening of the upper side defined by BM, 
and 34B denotes an opening of the lower side defined by BM, and light passes through the inside of the openings. 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment. As illus- 
trated, the viewing angle characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 
> high as a switching speed is 1 7.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 49B illustrate another example of the pattern of the pixel electrode, wherein the BM 34 shown in Fig. 
49B is formed on the pixel electrode 13 shown in Fig. 49A. The pattem of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 

In the fifth and sixth embodiments, slits can be provided in the place of the protrusions on the counter electrode 12. 
Namely, both of the domain regulating means are realized by the slits. However, in this cor^rtution, the response speed 
is decreased. 

In the sixth embodiment, the electric connection portions are formed in the same layer as the partial electrodes. 
The electric connection portions, however, may be formed in a separate layer. A seventh embodiment deals with this 
case. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 134 
IS formed simultaneously with the formation of the data bus line 32, and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this embodiment, the connection electrode 
134 IS formed simultaneously with the data bus line 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of the bus line. In this case, however, a step must be newly provided for forming the connection electrode 
I.e.. a new step must be added. In order to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the formation of the bus line or the CS electrode. 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
arated away from the liquid crystal layer than that of the sixth embodiment, making it possible to further decrease abnor- 
mal orientation. When the connection electrode is formed of a light-shielding material, such a portion Is shielded from 
light, and the quality of display is further improved, 

Fig. 51 is a plan view of a pixel portion according to a eighth embodiment, and Fig. 52 is a sectional view of a por- 
tion A-B m Fig. 51 . The eighth embodiment is the same as the sixth embodiment except that a protrusion 20C is formed 
in the sht of the pixel electrode 13. Both the slit of the electrode and the insulating protrusion formed on the electrode 
define the onentation region of the liquid crystals. When the protrusion 20C is formed in the slit 21 as in this embodi- 
ment, the directions of orientation of the liquid crystals due to the slit 21 and the protrusion 20C are in agreement the 
protrusion 20C assisting the division of orientation by the slit 21 . to improve stability. Therefore, the orientation is more 
stabilized and the response speed is more Increased than those of the first errtDodiment. Referring to Fig 52 the pro- 
rusion 20c IS formed by laminating the layers that are formed when the CS electrode 35. gate bus line 31 and'data bus 
line 32 are formed. 

Figs. 53A to 53J are diagrams illustrating a process for producing a TFT substrate according to the eighth embod- 
iment In F.g. 53A. a metal film of the gate layer is formed on a glass substrate 17. In Fig. 53B. portions corresponding 
to gate bus lines 31 . CS electrodes 35 and protrusions 312 are left relying upon the photolithography method In Fig 
c ^" silicon active layer and a channel protection film are continuously formed In 

Fig^ 53D tt)e charine^ protection film 314 is left in a self-aligned manner by exposure to light through the back surface 
. ^ and the source<Jrain layer. In Rg 53F a source 

electrode 41 and a dram electrode 42 are formed relying on the photolithography method. At this moment, 'the metal 
aTi^ fl™!)^*? %^ '^^'^'"^ '° P^°fr"sion 20C on the inside of the slit In Rg. 53G. a passivation film 

II r t • ^ ^1 *ie pixel electrode. In Rg. 531 

at thi?r!imert ^' ^ "'"^ ^^"^^ ^'"^ photolithography method. SWs are formed 

1 ^ ^^^'2^ *° embodiment as described above, the protrusion 20C is formed in the slit 21 of the pixel electrode 
Z^n^:^^^-,"^^"^ °* ^ ^ conventional process. Besides, the orien- 

frj!! K ' T"^ '° protrusion 20C. In this embodiment, the protrusion in the slit of the pixel electrode 

mS^^I superposing ttiree layers, i.e.. gate bus line layer, channel protection layer and sourceAlrain layer. 7>ie pro- 
trusion, however, may be formed by one layer or by a combination of twolayers 



EP0 884 626 A2 



Fig. 54 is a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pixel portions of the ninth embod- 
iment. A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment like those in the one of the sixth embodiment. As illustrated, the protrusions 20A 
and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutuafly different by 90°. Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the liquid aystal 
layer is 4.1 urn. a width and height of the protmsions 20A are respectively 10 jim and 4 ^m, a width and height of the 
I protrusions 208 are respectively 5 nm and 1 .2 jim. a gap between the protrusions 20A and 20B (a distance in the direc- 
tion shifted by 45° from the horizontal line in the figure) is 27.5 \im, and a size of the pixel (pixel arrangement pitches) 
is 99 urn X 297 fim has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tical to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment, and is so excellent as to demonstrate that the orientation is divided vertically and laterally uniformly. 
Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
according to materials of the protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer and 
so forth. 

In the panel in the ninth embodiment, the direction of tilt of liquid aystalline molecules can be controlled to include 
four directions. Regions A. B, C, and D in Fig. 54 are regions to be controlled so that liquid crystalline molecules therein 
will be aligned m the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in all pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 48C is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable. The pattem of protrusions shown in Fig. 54 is therefore formed all over the substrates with the pitch of pixels 
ignored. The width of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
resist IS 1.1 micrometers, and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
was increased to be 15 micrometers and the interval between resist lines was increased to 30 micrometers nearly the 
same results were obtained. Consequently, when the width of protrusions and the pitch of repeated patterns are made 
much smaller than the pitch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel ignored 
good display can be attained. Besides, the freedom in design expands. For completely preventing interference with bus 
lines, the pitch of repeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 
pitch of pixels. Lkewise, a cycle of protrusions must be designed in consideration of a cyde of pixels and should pref- 
erably be set to an integral submultiple or multiple of the pitch of pixels. 

In the ninth embodiment, when a pattern of protrusions that is discontinuous like the one shown in Fig 56 is 
adopted the ratio of regions within one pixel in which liquid crystalline molecules are aligned in four different directions 
is even. There is still no particular problem in manufacturing. However, since the pattern of protrusions is discontinuous 
the orientation of the liquid crystal is disordered at the edges of patterns. This leads to deteriorated display quality such 
^^.S? ^ewpoint. preferably, the pitch of repeated patterns of protrusions should be matched 

with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted 

„ ^^^r*"!^ embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the electrodes 
1 2, 13 as the domain regulating means and the protrusions regulate the alignment direction of the liquid aystalline mol- 
ecul^. As descriljed above, the slits provided on the electrodes generate oblique electric fields, at the edges thereof 
and the ot)hque electric fields operate as the domain regulating means. The edges of the cell (pixel) elertrodes also 
generate ^.que el«1ric flew. Therefore, the oblique electric field must be considered as the dOTO^^ 

i-igs. 57A and 57B are diagrams for explaining this phenomenon and shows the case of the vertical orientation 

llT^rTf ""^ '""^ '^"'"^ ''y^ P^^'^'e 14 « orierteSTuSa^ 

toally verfi^y when no voltage .s applied thereto Upon application of a voltage between electrodes 12 and 13 how- 

^the ei^"f 'f *" 1 2 and 1 3 in the region other than the perimeter ' 

•S.^Sf ^ T*""" ^L^*^'"*^' ^ ^ ^ "^^y P*«' separated into each display 

pixBl Therefore, as shown in Fig. 578, the direction of the electric field 8 is inclined at its perhnetric edge (edoe) The 
hquid aystalline molecules 14 are tilted in the direction perpendicular to the electric field 8 Th^irlTn jSalS^ 

en^n iS^' • "'^'"i. ^ P««' ThiS fSen^S^ 

dTerire^^Z'SqX"" ""^^^ 

The reverse tilt also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a portion 41 where the schlieren structure can be observed in a configuration formed with the zigzag protrusion pattern 
of the ninth enibodiment. Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schlieren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tilted upon 
application of a voltage ttiereto. In this case, protrusions of different materials are formed on the pixel electrode sub- 

5 strate formed witii a TFT and on the opposed substrate formed with a common electrode. A vertical alignment film is 
printed, and the device is assembled without being rubbed. The cell thickness is 3.5 ^im. The portion 41 where the 
schlieren structure is observed is where the direction in which the liquid crystalline molecules are fallen by the orienta- 
tion regulation force due to the diagonal electi-ic field is considerably different from the direction of orientation regulation 
due to the proti-usions. This reduces the contrast and tiie response rate, thereby leading to a deteriorated display qual- 

0 ity. 

In tiie case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embodiment is driven, the display is darkened in a part of the display pixels, or a phenomenon called an after-image in 
whtch a somewhat previous display appears remaining occurs in the display of an animation or cursor relocation. Fig 
60 IS a diagram showing a region appearing black in the pixel on the liquid aystal panel configured in the ninth embod- 
5 iment. In this region, the change in orientation is found to be very slow upon application of a voltage. 

Fig. 61 A is a sectional view taken in line A-A* in Fig. 60. Fig. 61 B is a sectional view taken in line B-B'. As shown in 
Fig. 60. the section A-A* has a region looking black in the neighborhood of the left edge, while the neighborhood of the 
right edge lacks a region appearing black. In correspondence with this, as shown in Rg. 61 A. the direction in which the 
liquid crystalline molecules are tilted by tiie orientation regulation force due to ttie diagonal electric field is considerably 
different from the direction of orientation regulation due to the protrusions in tiie neighborhood of the left edge while the 
direction in which the liquid aystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides witti the direction of orientation regulation due to the protrusions in the neighborhood of 
the right edge. In similar fashion, a region looking black is present in the neighborhood of ttie right edge but absent in 
the neighborhood of the left edge. In correspondence with this, as shown in Fig. 61 B, the direction in which the liqukl 
crystalline molecules are tilted by the orientation regulation force due to tiie diagonal electric field is considerably differ- 
ent from the direction of orientation regulation due to the proti^usions in tiie neighborhood of the right edge while the 
direction in which the liquid aystalline molecules are tilted by tiie orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the left edge. 

As described above, the deterioration of the display quality is attributable to the portion wherethe direction in which 
the IrquKJ crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field at an edge 
of the display pixel electrode is considerably different from the orientation regulation force due to the protrusions upon 
application of a voltage thereto. ^ 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven the dis- 
play quality ,s seen to deteriorate in the neighborhood of the bus line (gate bus jine or data bus line) in the pixel. This is 
due to the undesirable minute region (domain) formed in the neighborhood of the bus line and the resulting disturbance 
of liquid crystal onentation and reduced response rate. The problem thus is posed of a reduced viewing angle charac- 
teristc and a reduced color characteristic in haH tone. 

Figs. 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment 
A pixel functions within the range defined by a cell electrode 1 3. which will be called a display region and the remaining 
ml?m!?o LT^ region. Normally, a bus line and a TFT are arranged in a non<lisplay regfon. A bus line made of a 
™ ^mT ' fJ^T^ Characteristic but a TFT transmits light. As a result, a masking ment)er called a black 
matrix (BM) is inserted between a TFT a cell electrode and a bus line ~ a oi<tci^ 

12 o?r??S!,^f '^T ^"^"^ « P^°t^"s'°" 20A is arranged in the non^Jisplay region on a common electrode 
r^r-^ I, ^ *° ^" orientation regulation force in a direction different from the orientation 

t^lSr ^"^ ^ !f ^ *° * "^'^^"^^ field generated by an edge of the cell electrode 13. Rg. 62A. shows 

the state where no voltage » applied. In this state, liquid crystalline molecules 14 are oriented substantially perMndS 
cln rfV^S'"" TV^'^'T ''■'^^'^^^ 20A due fo the vertical orientation^™. U^^J. 

cation Of a voftage thereto, as shown in Fig. 62B. the liqukJ crystalline molecules 14 are orierted in the dirSon 
perpend^ular to the electnc field 8. In the non^isplay region lacking the cell electrode 13, the eleSic fieWis fo^S 
diagonally from the neighborhood of an edge of the cell electrode 1 3 toward the non^isplay region S Zonal eT^ 
rc field tends to onent the liquid crystalline molecules 14 in a direction different frcS the ohentata t the diX 

molecules 1 4 in the same directon as in the display region, as shown in Fig 62A y*i««>«ne 
ime,^' Fi^^filfc ^T^"" ^ protrusfon arrangement pattern in a liquid crystal display device of the tenth embod- 

L nl' \ ^^^^"^ 'n enlarged form, the portion defined by a circle in Rg. 63. In thetenth embod^ 

connected to and integrally formed with a protrusion arrangement 20A formed on the commonlleciLe V2Te Si 
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Son shown in Figs. 62A and 62B is realized at the portion formed with the protrusion 52. where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation in the display region as 
shown in Fig. 64. Theretore. the schlieren structure that has been observed in Fig. 58 cannot be observed in Fig 64 for 
an improve display quality. 

5 Fig. 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel electrode 13. In 
this modification, no shiieren structure Is ot>served. 

The tenth embodiment, which uses an acrylic transparent resin for the protrusion, can afternatively use a black 
matenal. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments descrit>ed below. 
10 The protrusion 52 which is formed as a non-display region domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression however is 
required to be formed on the TFT sut>strate. 

Any non-display domain regulating means which has an appropriate orientation regulation force can be employed 
The direction of orientation is known to change, for example, when the light of a specific wavelength such as ultraviolet 
IS light IS irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Figs. 65A and 65B are diagrams for explaining the change in orientation direction by irradiation of ultraviolet light 
As shown in Fig. 65A. a vertical alignment film is coated on the substrate surface, and a non-polarized ultraviolet light 
IS irradiated on rt from one direction at an angle of. say. 45° as shown in Fig. 65B. Then, the direction of orientation of 
20 the liquid crystalline molecules 14 is known to tilt toward the direction in which the ultraviolet light is irradiated 

Fig. 66 IS a diagram showing a modification of the tenth embodiment. The ultraviolet light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Fig. 63. As a result, the portion 53 comes to have an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the edge of 
25 the cell electrode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained The 
ultraviolet light, though irradiated only on the TFT substrate in Rg. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF substrate. The direction in which the ultraviolet light is irradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
irradiation conditons and the orientation regulation force due to the diagonal electric field 

. '^1 "°"-l=P'« regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orientation of the liquid crystalline molecules in the display region and stabilizes 
the orientation of the liquid crystalline molecules in the display region, is applicable to various systems including the VA 

35 °^ depressions, which operate as the domain regulating means, 

35 which respect to edges of pixel electrodes will be described. Figs. 67A to 67C ar^ 22 diagrams showing fundamenta 
relative positions Of me edge of the cell electrode and protrusions acting as domain regulating means. As^^Tn Rg 

20A^?thJ c^'Tf f ^V^^ °* ^^"^^ "^fl- ^^^^ «««^"a«ve. th;protrS 

fr, Sn fi7r f ^""^ *^ "^^'"^ »° e'«^^«le 13. as shown 

40 in Fig. 67C. while the protrusion 208 on the TFT substrate 17 is arranged in the non-display region ' 

ii^Jl '^fJ ^"'^ *'1P^°'^"«*0"S are arranged at the edges of the cell electrode 13 or in opposed relation 
reaSnl^i l^Sf H '^'^T' ^^S""' "Mentation in the disJJy 

trir fi^f "I? ^ an-angement shown in Fig. 67C. the orientation restriction force of thediagonal elec- 

and herlre ''l'"^""!:' " ""''^^^ ^^^ulation force of *e pSmsioS 

and therefore a stable orientation can be obtained without developing any domain 

The conditions under which the direction of the orientation regulation force of the diaoonal electric iwM r«nriH«c 

Zd^o 1 ' ^ ' arrangement of edges and depression* ^rea^z'nX 

ZnJL hT"5T"* *° ^'^ ^^"^^y- *e protrusions 20B on the TFT suLSe 17 ^e 



. hSJ^^ f diagrams showing an arrangement of a linear (striped) protrusion arrangement constitutino 

aZT. If. % ^ «>"**9"^ation of Figs. 69A and 69B. the protrusion heigW is about 2 uS, 

protrusion wK«h ,s 7 Mm and the inter-protrusion interval is 40 pm. After two substries are attach^ itS j^r' Z 
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protrusions of the TFT substrate are arrarjged in a staggered fashion with the protrusions of the CF substrate. In order 
to realize the conditions of Fig. 67C, the protrusions of the TFT substrate 1 7 are interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes 13, however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 31. 

With the LCD of Figs. 69A and 69B, no undesirable domain is observed and the switching speed is not low at any 
portion. Therefore, a superior display quafity is obtained without any aHer-image. Assuming that the protrusions 20B 
between the cell electrodes 1 3 in Figs. 69A and 69B are an^anged at the edges of the cell electrodes 13, the conditions 
of Fig. 67A can be met, while if the arrangement of the protrusions 20A and 20B is reversed between the two sub- 
strates, on the other hand, the conditions of Fig. 678 are satisfied. The protrusion arranged on or in opposed relation 
0 to the edges can alternatively be an-anged either on the TFT substrate 1 7 or on the CF substrate 1 6. Considering the 
displacement of the substrates attached to each other, however, the protrusions are desirably formed at the edges of 
the cell electrodes 13 on the TFT siijstrate 17. 

Figs. 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another protrusion pat- 
tern for a LCD according to a eleventh embodiment satisfying the conditions of Fig. 67C. Fig. 70A is a top plan view and 
; Fig. 708 IS a sectional view. As shown, a checkered grid of protrusions is arranged between the cell electrodes 13 and 
protrusions similar in shape to the above-mentioned protrusion pattern are formed sequentially inwaid of each pixel By 
use of this protrusion pattern, the orientation in each pixel can be divided into four directions, but not in equal proportion 
Also in this case, the checkered protrusion pattern is arranged on the gate bus line 31 and the data bus line 32 between 
the cell electrodes 13. 

Also in Figs. 70A and 70B. the conditions of Figs. 67A and 678 are satisfied if the protrusions 20B otherwise inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge of the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, too, the protrusions are preferably formed at the 
edges of the cell electrode 1 3 on the TFT substrate 17. 

In the exanple shown in Figs. 70A and 708, protrusions are formed in rectangular grid similar to the rectangular 
cell electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientaton. In view of this, a protrusion arrangement bent in zigzag shown in the ninth embodiment is con- 
ceived. As described with reference to Figs. 58 and 60, however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 1 3 unless protrusions are formed as shown in Fig. 63. For this reason 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Fig 71 isthenext 
subject of discussion. In the case where the protrusions 20A and 20B are formed as shown in Fig. 71 h'owever an 
abnormal onentetion occurs at the portion indicated by T of the pixel 13, with the result that the difference in distance 
from an electnc field controller (TF) 33 poses the problem of a reduced response rate. With the protrusion arrangement 
bent in zigzag in a rectangular pixel, it is impossible to satisfy the conditions for arrangement of the protrusions in rela- 
tKjn to all the edges of the cell electrode shown in Figs. 67A to 67C. A twelfth embodiment is intended to solve this prob- 

,o ''I? 72 a diagram showing the shapes of the cell electrode 13. the gate bus line 31. the data bus line 32 the TFT 

^'^"'^ *° ^'"^ embodiment. As shown, in the twelfth enfcodiment", the cell 
electrode 1 3 has a shape similar to the bent form of the zigzag protrusions 20A. 20B. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 
improve the response rate. According to the twelfth embodiment the gate bus line 31 is also bent in zigzag in conform- 
ance with the shape of the ceil electrode 1 3. ^-onrorm 

OK^* protrusions arranged on the gate bus line 31 are formed on the portions in opposed relation to the 
edges of the cell electrode 13 or the edges of the CF substrate, the conditions of Figs 67A and 67Ba^e saS In this 
case^ too, the protrusions are desirably formed at the edges of the cell electrode li on the TFT s^frate 
nr., conditions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 but 

Sc^L fiL rr'^''' *° '^'l'^ " portion is exposed to the eL of the diagonS 

electric field, thereby posing the problem described above with reference to Figs 57A to 60 

d-agram showing the shapes of the cell electrode 13, the gate bus line 31 . the data bus line 32 the TFT 
ment^f f'o T'^'^XT 20B according to a modHication of the twelfth embodiment. Unlike in the twe^" «S,odI 
ZTl^yrlL * 2f ""^ *" conformance with the shape of the cell electr^eVs 

s ben n Sf" . r *" " ^1 is rectiline^hile the^t^ burSTe 32 

™11T '^:.*'T'*"^*°"^20A and 208 are not independert for different pixels bmformacontinuo^^ 

protrusion covering a plurality of pixels. The protrusion 20B is arranged on the data bus line 32 laid ^rtiral^SZ^n 

e°ation to fte^L m «i, P;°^^'°"S arranged on the data bus line 32 are formed in spatially opposed 

^ 13 or the edges of the CF substrate 16. In this case, too theprotrusio^are 

desirably formed at the edges of the cell electrode 13 on the TFT substrate 17 Protrusions are 

In the arrangement of Fig. 73, each protrusion crosses the edge of the cell electrode 13 parallel to the gate bus line 
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31 . The resulting effect of the diagonal electric field on this portion gives rise to the problem described above with ref- 
erence to Figs. 57A to 60. 

Fig. 74 is a diagram showing another modificatfon of the twelfth embodiment. In the arrangement shown in Fig 74 
the protrusions are bent twice in a pixel. This makes the pixel somewhat rectangular in shape as compared with Rg 73 

' and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 1 3, the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A, 20B according to a thirteenth embodiment. Figs. 76A and 76B are sectional views taken in 
lines A-A- and B-B' in Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-dsplay region domain regu- 

0 lating means arranged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag 
both having failed to completely eliminate the effect of the diagonal electric fiekl. In view of this, according to the thir- 
teenth embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

■< At the portion A-A' shown in Fig. 75 is free of the effect of the diagonal electric field, the BM 34 is narrowed as 
shown in Fig. 76A. while at the portion B-B" where the diagonal electric field has a considerable effect, the width of the 
BM 34 IS inaeased as corrpared with the prior art so as not to display any image. In this way. the display quality is not 
deteriorated nor an after-image or a reduced contrast is caused. The increased area of the BM 34 however reduces 
the luminance of display due to a reduced numerical aperture. Nevertheless, no problem is posed as far as the area of 
the increase of BM 34 is not considerable. 

As described with reference to the tenth to thirteenth embodiments, accoiding to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the display quality can 
be improved. r- / -i / 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating means A 
deteiled observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
IS divided m the directions 180' apart at the domain regulating means, that minute domains 90° different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exBts in the boundary (the neighbortiood of the edge of a protrusion, if any) of each domain including a minute domain 
The region looking dark bnngs about a reduced numerical aperture and darkens the display. As described above the 
liquid ay^al display device using a TFT requires a CS electrode contributing to a reduced numerical aperture In rther 
cases, a black matrix (BM) is provided for shielding the surrounding of the display pixel electrode and the TFT. In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure The circuit of each pixel In a liquid crystal panel having a storaoe 
capacitor ,s shown in Rg^77A. As shown In Fig 17. the CS electrode 35 is formed in parallel toSe cell eS^e^S in 
^TJtr^Z!!^TrT^T^t ^^^'^^ 35 and the cell electrode 13 through a 

shtS in fT 77^ ^1"'^°^^ 35 »° ^-^^ P°te"tial as the common electrode 12. and therefore as 

shown in F g. 77A, a storage capacrtor 2 is formed in parallel to the capacitor 1 due to the liquid crystal Upon apol ca- 
tion o a voltage to the liquid crystal l , a votege is similarly applied to the storage capacitor 2. so L the ^3^^^ 

^nf °^ '^"^ °' "l^. and therefore effectively contributes to suf^ing 

form^i^f^LfJ "l^""^^'^ 

Slm^Ll l T ^L^'^ ^^^'^ "^^ ('^^^ ''"^ °' C^e") electrode of the ^ 

elem^ .n order to simplify the process. Since these electrodes are formed of an opaque metal for securing the 
required accuracy, the CS electrode 35 is also opaque As described above, the CS el«:trode is tonSd!n 3eMo 

savJ^T^,!^r?^t^lT'^ "^"^ ^" ''^''^'^ effort is being made to 

!^^Ln!^ K 1^ """^ niimenca\ aperture, therefore, is preferably as high as pc^sible As 

■r^ r S^^' ?" ^« fo^"ied in the protrusion or the iSode f^ 

^':^T f^'^^i^^'^y ^« ^i^'^V quality. R,r eliminating this inconvenience, the pr^S^JiS 

erably made of a masking material and the slit is preferably masked with a BM or the Uke Nevertheless th^e^s 
ures contnbute to a lower numerical aperture. iNevenneiess. these meas- 

in f!^-^T^7!^ °* ^."^Z^ ^"^ 35 °' embodiments as set above is shown 

^iv^a^er ^uSZr^ ^ ^ corresponding fZ^s ■ 

PoT^^nt^Zo/SlSrSr^^^ 

Figs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 
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35 according to an 14th embodiment. Rg. 78A is a top plan view and Fig. 78B is a sectionaJ view. As shown, a plurality 
of CS electrode units 35 are ananged under the protrusions 20A, 20B. For a storage capacitor of a predetermined 
capaatance to be realized, a predetermined area is required of the CS electrode units 35. The combined area of the 
five units into which the CS electrode 35 is divided as shown in Figs. 78A and 78B coincides with the area of the CS 
5 electrode 35 shown of Figs. 77A and 77B. Further, in view of the fact that the CS electrode units and the protrusions 
20A. 20B are all superposed one on another in Rgs 78A and 78B, the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12 13 and the CS elec- 
10 trode units 35 according to a modification of the 1 4th embodiment. Rg. 79A is a top plan view and Fig. 79B is a sectional 
view. The slits 21 function as a domain regulating means and are preferably masked for preventing the light leakage 
therethrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Rgs. 80A and SOB are diagrams showing an arrangement of the slits 21 of the electrodes 12 1 3 and the CS elec- 
15 trode units 35 according to another modification of the 1 1th embodiment. Fig. 80A is a top plan view and Fig 808 is a 
secttonal view. This modification is identical to the aforementioned modification of Figs. 78A and 78B except that the 
protrusions are bent in zigzag. k « c 

Figs. 81 A and 81 B are diagrams showing an arrangement of the slits 21 of the electrodes 1 2. 1 3 and the CS elec- 
trode units 35 according to another modification of the 14th embodiment. Fig. 81 A is a top plan view and Fig 81 B is a 
20 sectional view. This modification represents the case in which the total area of the protrusions 20A, 20B is larger than 
the total areas of the CS electrode units 35. According to this modification, the CS electrode units are arranged at posi- 
trons corresponding to the edges of the protrusions 20A. 20B and not arranged at the central portion of the protrusion 
AS a result, a minute domain having an orientation angle 90» different existing in the neighborhood of the too of the oro- 
trusion can be effectively utilized for a brighter display. 

J*"! constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

The 14th embodiment described above can prevent the reduction in numerical aperture which othenwise might be 
caused by tiie domain regulating means used. 

Fig^82 Shows a protrusion pattern of the fifteenth embodiment. In this fifteenth embodiment, linear protrusions 20A 
and 20B are disposed in parallel with one another on the upper and lower substrates, respectively, so that when thev 
are vewed from the surface of the substrates, these protrusions 20A and 20B orthogona^ross ^TJlTThS. 
uid crystanine molecules 14 are oriented perpendicularly to the slopes under the state where no voltage is applied 

between the electrodes but theliquidCTystalline molecules in the proximity of the slopes of the protrusionsl^^ 
are oriented perpendicularly to the slopes Therefore, the liquid crystalline molecules in the pl.imity JtheXes of 
the pro rusions 20A and 20B are inclined under this state and moreover, the directions of inclLion L d^ereX i 
mXl^r the profusions 20A and 208. When the vortage is applied between the electrodes, the liquid crystal 
rnolecu^s are .ndined in a direction which is parallel to the substrates, but because the liquid crystalline moleo^S are 
regulated in the directions different by 90 degrees near the protrusions 20A and 208. respectivelj. they arrSeT^e 

L J state when no voltage is applied and this is different only in that when the voltage is 

applied, the state becomes the one shown in Rg. 2A. As shown in Fig. 82. further, four different twist regions are 
r T"'' «"<=°'^a«sed by the protrusions 20A and 20B in the fifteenth embodiment. In conZ^S^liZ 
'^'^"^^ " '"'^^^^t^'ly- the directions of the twists are different amonrthe aS)ac^ 

hiah?t^art^al°ofTe fSS f;«'^'«'"'"9 why the response speed in the fifteenfli embodiment is 

mgner man that of the first embodiment. Rg. 83A shows the state where no voltage is applied, and the liquid crystalline 
'r^^^l^'^ °"^"'^ f^^'o^'iy io the substrates. When the voltage is a^Jlied^e liquid a^SaSne Sles 
TuiL 2; f T"^' °* '''^ embodiment as shown in Rg.S in co^St^he 

nr^? ^ Tk'^:'^' ^' "^^ "^'"9 «^ystalline molecuL keeping touSw* 

«^ep^o rusions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However the S crStell^e 

l»rn^!f ? T ■ ^ "® ^ as shown in Rg. 83D after the passaqe of acerSn 

us^th. t the twist of the LCDs is high not c?,ly in the LCD of^TvA system SS 

s^ThZT '"^ 7"^' ^""^ °* embodiment is higher than that of J^lrsteZ^r^S 

is ex^f ml r°^i ""Tl performance of the LCD of the fifteenth embodiment. This viewing an Je p^r^nce 

Fig. 85A.sad.agram showing the response speeds with the changeof the grayscale at the 16th graduation. 32nd 
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gradation. 48th gradation. 64th gradation and black (first gradation) when 64-grada1ion display is effected in the LCD of 
the fifteenth embodiment. For reference. Rg. 85B shows the response speed of the TN mode. Rg. 85C shows the 
response speed of the mono^omain VA mode in which the orientation is not divided and Rg. BSD shows the response 
speed of the multi-domain VA mode using the parallel protrusions of the first embodiment. For exanple, the response 

5 speed from the full black to the full white is 58 ms in the TN mode. 19 ms in the mono-domain VA mode and 19 ms in 
the muKi^lomain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode The response speed from the full white to the full black is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms in the multi-domain type, whereas it is 6 ms in the fifteenth embodiment and this 
value IS higher than those of other VA modes. Further, the response speed from the full to the 16th gradation is 30 ms 

10 in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and this value remains at the same level as that of the TN mode and is by far more excellent than 
ttie valuK of other VA modes. The response speed from the 16th gradation to the full Uack is 21 ms in the TN mode 
9 ms in the monoKJomain type and 18 ms in the multi-domain type, whereas it is 4 ms in the fifteenth embodimem and 
this value IS more excellem than the values of any other modes. Incidentally, the response speed of the IPS mode is 

,5 extremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice verea are 75 ms, the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 16 gradation to the full black is 75 ms. 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. a w ^ k/ci m 

■ n-^'^J^^ protrusion patterns for accomplishing the twist type VA system described above 

In Rg. 86A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally In two direc- 
tions on the resp^ve substrates and not to cross one another, but to cross one another when they are viewed from 
In^^f * 1^ * substrates. In this embodiment four twist regions are formed in the different way from Fig. 82. The direc- 
hon of me twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees In 

riLfSrL°!rr' ?i f "'^ *" ^ *° ^^"^ orthogonally in two directions to the 

respective substrates and to aoss one another but to deviate mutually in both directions. In this embodiment two twist 
regions having mutually different twist directions are formed. 

s Jo 2Sinn^;ff ^ ^^".r^ P«>fr"sions 20A and 20B disposed on the two substrates need not be disposed in 
shown in Fig. 82 are so disposed as to cross one another at an angle other than 90 degrees. In this case too four twist 
Zsi. Sn""*""" "^'^ ^^"""^ """^ difSrl^bet^eenleti 

sho::;rFir2.^ 8^^^^^^^^ ^^'-^ ^ ^^^^^^ 

in ii!el!'^!^tT,,^T°lTV^'' ^'^ '^^'^ "° ""^^^ °"e"*ation at the center portion 

>n the frame encompassed by the protrusions 20A and 20B in comparison with the portions near the protrusions and 
ttie onentartion js hkely to be disturbed because it is far from the protrusions. For this reason. aretongSi Jme is n^ 

T^! ' ^"^ " response speed at tt^e cenrpo^on be^^S 

owe. The response speed attains the highest at the corner portions of the frame bLuse they^re aieSJ^ol^l^ 

Ta ^1 ^'""i '^'^'"^ ^ ^« °* Orientation at the comer firtions are^^ferrli to 

th!n If « ?!• "^^^^^ simultaneously oriented, but certain portions are f list orienTJd ^ 

nnl^ f I T "^^^"^ *° PO^o^s nearby Therefore, the response speed becomes stovTr a TheTe^ 
po lion far from the protrusions. When the frame defined by aossing Is a square alshown in Rg Srian^^le 

Tgrara" 'h^lTn^"^^^^^ <^^<'^^ the crossing protrusbns sTe^^S 

ogram as shown in Fig. 87. the influences are transferred from the acute angle portions where the influenc^f the 

toThrcomrr""""' influences Impinge at the center portion arS are^er ^ra^fttS 

San !n thT J. ^" T^l ''^"^ becomes slower in the parallSr^rS^S^ 

fTh K V° ""'"^ ^ P'*'^'"- ^ 20D similar to the frame is disposed aX c^H 

anTzoB has a wr^"r''' T tT'^t'"*/"*""^^ exam^e^htproTusiS 20^ 
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Figs. 90A and 90B are diagrams showing the structure of a panel of the IBth embodiment. Fig 90A is a side view 
and Fig. 90B is an oblique view of a portion of the panel con^esponding to one square of a lattice. Fig. 91 is a diagram 
showing a pattern of protrusions in the 1 6th embodiment which is seen in a direction vertical to the panel. As illustrated 
in the 16th embodiment, the protrusions 20A are created like a cubic lattice on the electrode 12 formed on one sub- 

5 strata, and the pyramidal protrusions 20B are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other substrate. In a region shown in Rg. 90B. the orientation is divided 
according to the principles described in conjunction with Rg. 128 and divided vertically and laterally unifomily In reality 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometeis. the sideways spacing 
between protrusions 20A and 20B to 10 micrometers, and the height of protrusions to 5 micrometers. As a result the 

,0 viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
shown in Fig. 22. 

T ^ ^ modification of the sixteenth embodiment. Rg. 254A shows a protrusion pattern and 

Rg. 2548 IS a sectional view. In this modification, the arrangement of the ma1rix^ike protrusions and the pyramidal pro- 
trusions of the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 
15 the CF substrate 16 is pyramidal whereas the protrusion 20B on the side of the TFT substrate 1 7 has a fwoKlimensional 

isdisposed at the center of each pixel 9and the protrusion 20Bisdisposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 

Fin 0^1^"^ ' V ^ o'^n^i''*'- '^^"^^ ^ P'^"^**'" 20A at the center of the pixel as shown in 

F g. 254B. The protrusion 20B disposed outside the pixel electrode 13 divides the orientation at the boundary of the pix- 
20 e^s as shown ,n the drawing. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
■ f JL L"" regulating force by the protrusion 208 and the orientation regulating force of the edge of the 

pncel electrode co.rK.de with each other. Consequently, the division of the orientation can be carried out stably in this 
nx^ificabon. tfie distances between the protrusion 20A and the protrusion 20B versus the edge of the pixel electrode 

lo f^,*^ J! T '"finance can be improved, though the response speed drops to a certain extent 

Furttier. the production cost can be reduced by forming the protrusion 208 by the formation pi^ess of the bS^Jne 
because the number of the production steps does not increase o> me ous iine 

us Jlf.'^'!f em*x)diments. protrusions produced using a resist that is an insulating material are 

30 irifni LSr«7tH r'""' '""'^"^ °* ^ "^"''^ '^^'^ embodiments, the shape of the 

30 inclined surfaces of the protrusions are utilized. The insulating protmsions are very important in terms of theVffect of 
rterruption of electnc fieWs. A liquid aystal is driven using, generally, an alternatinrwave. With an iSreaS in 
TTJ^tT"?. ' from innovation of a lk,uid crystal material, influence exerted during one frame (dunng^lcJ 
a direct (do) voltage is applied), that is. influence predetermined by a DC wave must be taken into full coSeratton A 
dnving wave for a liquid crystal must exhibit both the characteristics of the AC and DC voltages aSd satfefy SeT«ie 
3s "'entsfortheACandDCvoltages.Thepropertiesoftheresistusedtoallow^^ 

ages of r;?a'nStc ci;:^^ ''^ ^« characteristics of S^A^^DC^^n- 

Frorn the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 

large han the specific resistance of a liquid crystal (for example, the specific resistance of a TFT-drive 110^1^0^21 ?s 
about 10^2 Ohms/cm or more). Preferably, the specific resistance should be lO'^ ohms/cm or more 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant film thirk 

45 under the resist (with an impedance of about one-tenth or more of the impedance of^e liquwS^a 1^^^^ S Jfii 
dSit^^'cr^rtrortht" i"^^^^ ^'"^^^ '^^'^ '^yer ur;:?;eT^' SrixS; e L 
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hquKJ crystalline moleciies in the domains generated on Ixrth sides of the domain on the resist tilt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing ttvs state, the insulating layer (resist) of 
we onentation-divided domain must have a capacitance that is approximately ten or less times larger than the one of 
ttie liquid-crystal layer under the resist. A material exhibiting a small dielectric constant e should be adopted to realize 

5 the insulating layer, and flie thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant c of approximately 3 and a thickness of 0. 1 micrometers or more. The employment of an insulating layer having 
a smaller dielectric constant c and a larger thickness would exert a more preferable operation and effect In the first to 
16tti embodiments, a novolak resist having a dielectiic constant e of approximately 3 is used to form protrusions of l 5 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attained The 

10 novolak resist is widely adapted in the process of manufacturing a TFT or CF The adoption of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities). 

Moreover it is ascertained that the novolak resist is highly reliable as compared with ottier resists or a f lattenino 
matenal and has no problem. ^ 

15 exJt^^°'^'' '"^'^""^ '^^''^ °" substrates, a more preferable operation and effect can be 

Askle from the nowilak resist, an acrylic resist (c = 3.2) was checked to see if it would prove effective as an insulat- 

iZpnr J^r\1!r.T!f '^'^ ^ "^^"^ ""'^'^ ^^^'^^ demonstrating that the 

S HP f " "^^'T^'^ an ITD film was deposited on a resist and the aligned state of liquid crys- 

'0 in rJ?«M« i«fh !l!f '^"^ "^^^^ insulating film was used 

orHo J> H w Ik ^'^""e^S' an electrode is slitted or protrusions of insulators are formed on an electrode in 

.iJ^r^P^^o^- '^^^'^"^ ^'"^'^ °' a panel of the 17th embodiment. Fig. 92A is an oblique 

view and Fig. 92B is a side view. As illustrated. In the 1 7th embodiment, protrusions 50 extending parallel to one anolhe^ 
oSSri' ^"^"^ °" 9'a«= substrates 16 and 1 7. and electrodes 12 and 13 are formed on the sutirat^TS 
^Hr„ f TH ^r^"^ 1°^ "^"^"^ ^ P"'''' ■^'^^ ^2 and 13 are therefore shaped t^ 

Sfv^ll TJff 'i'^'l^^^ for vertical alignmem. Using the thus shaped elednxles 

is^S J. iS^f ? *^ ""^T"' """^'^ '"^"'"^ ^ ^^^''^ The orientation of a liquid 

crystal IS divKled mto two directions with each protrusion as a border. The viewing angle characteristk; of the panel fe 
. therefore inrproved as compared with a conventionally exhibited one. However, the distribution o' eleXi^JekS 

i ^"'♦aces Of the protrusions is utilized in order to divide the orientation. The sta^ Wy of J^nmS 

IS slightiy inferior to that attained when the protrusions are made of an insulating material. However ^ deSrkS 

Theretore. the materials used to form ttie protrusions are limited. Further, various conditions must be satisfiedtofo^ 
he profrusic^s by using those materials. This causes a problem in the production process. cSrHy SeS sluT 
ture of the 1 7th embodiment does not have such limitation v^nnarny. me panel struc 

61 fo'rm^'dn the toT^SJI^ '"^H^f ^ °' ' embodiment. In this embodiment, insulating layers 
61 termed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the deoressions the 
shapes of protrusions or dits of electrodes presented in the second to ninth embodiments «Si be ^^S r^s L!! 
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that of the nineteenth embodiment can be obtained. Incidentally, since the structure having the depression is disposed 
below the electrode in this 20th embodiment, limitation to the material is small, and the material used tor other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a fashion that the liquid crystalline mol- 
5 ecules expand in the opposite direction at these portions but in the case of the recesss. the orientation is divided in such 
a fashion that the liquid aystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit. Theretore. when 
the depression is used as the domain regulating means in combination with the protrusion or the slit, the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 
10 mined next on the arrangement when the recess is used as the domain regulating means. 

Fig. 96 shows an example of the preferred arrangements when the depression and the slit are used in combination 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 23B of the 
20th embodiment shown m Fig. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For example, when the depression 
»s IS formed under the condition of the 20th embodiment, the slit has a width of 1 5 nm and the gap between the center of 
the depression and that of the slit is 20 ^m, the switching time is 25 ms under the driving condition of 0 to 5 V and 40 
ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the switching time is 50 ms and 80 ms 
respectively. «wnio. 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A on one of the substrates (substrate 16 in 
20 this case) in the panel structure shown in Fig. 98, and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slit 21 B. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the slit in the panel structures shown in Figs. 96 and 97, and the response speed can be further improved 
, , f.^ "^"^ structure wherein the depression 23B is formed in the electrode 13 of the substrate 

1 a™* the protrusions 20A and the slits 2 1 A are alternately fomied at positions of the opposed substrate 1 6 at positions 
facing the depression 23B. respectively. In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 23B and protrusion 20A and the set of the adjacent depression 23B and slit 21 A and con- 
sequently, the boundary of the orientation regions is formed in the proximity of the center of the depression 
nf J^ll^'^tai « °' ^''^ 21 th entodiment. As illustrated, the panel 

ST. lilo^'^lf ""^l!^^' ^ ^"""'^ '"'^^"^ ^"""^ « The oriertotion of a liquid crys- 

tal IS divided wrth each depression as a border However, like the tenth en*odiment, an effect of oblique elertric fields 
IS not exerted. The stability of alignment is little poor. 

«nH ^J^^f "''^ alignment dividing operation of depressions (grooves) is reversed to those of protrusions 

« en« ' T ' °' ^'^^^ '^^'^"^ 0' ^^e-^y «^«>'^- NOW, the influ- 

<5 ence Of assembly errors in the panel Of the first embodiment Will be described 

Figs^ 100A and 100B are sectional views of a panel in the first embodiment. As desaibed already, a region where 

L tt^;« f 1^ ? 'I'- ^^'"^ the protrusion 20B 

and the left inclined side surface of the protrusion 20A is designated as a region A, and the region defi'ned by the left 

in (2) Fig. 100B. The region A is reduced, while the region B increases. Therefore, the ratio between region A and reo^n 
B IS not already 1 to 1 . The resulting proportion of liquid crystalline molecules divided in orientat^,rirnc^ Lu^r^ie^^^^ 
. detenorating the viewing angle characteristic. is. noi equai, mereoy 

.hn.^^ r°'^m'? °* ^ P^"^' ^^'^"'^ to a 22th en*odiment. In the 22th embodiment as 

Shown ,n Fia 101A a depression 22B and a protrusion 20B are tomied in the TFT substrate 17 toll JW^to^mina a 

ing that the CF substrate is displaced with respect to the TFT substrate 1 7 at the time of asserrtty the reqion A' dSned 
by tt,e protrusions 20B and 20A is reduced. Since the region A" defined by the depressions 22B a^ Sis i^t^ 

^llTirT ^olT" ^' '^"'^^ ^ remains 'unchanged. l^Tr^LsZS^ 

defined by the protrusion 20B, the depression 22B. the protrusion 20A and the depression 22A remains unchano^ 

sTme a'ndT"" "^"^ ""'^'""^"^ Consequently, the ratio between the regioi^ iTd B ren^S 

same, and the superior viewing angle characteristic is maintained. «ina d remains me 

c kI'^* a sectional view of a panel according to a 23th embodiment. In the 23th embodimem as shown the CF 
r^a^' « P™«^"^°"« 22A and the depressions 20A alternately wiT^TrSe? ^r^Jo^ess is 

L^o ^ A "s 'lef ined by the left inclined side surface of the protrusion 20A and the right inched Se?u 
face Of the depression 22A, while the region B is defined by the right inclined side surface of theV^fr^foS ^/^e 
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left inclined side surface of the depression 22A. In view of tfie fact tfiat tfie orientation region is defined only by the pro- 
trusions and depressions formed on one of the substrates, the assembly accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases where the viewing angle need not be great, and a great 
viewing angle needs be obtained in only a specific direction. The LCD suitable for such an application can be accom- 
plished by using the orientation dividing technology by the domain regulating means described above. Next, several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications will 
be explained. 

Figs. 103A and 103B show the panel structure of the 24th embodiment. Fig. 103A is a top view and Rg 103B is a 
0 sectional view taken along a line Y - V of Fig. 103B. Unear protrusions 20A and 20B are disposed in the same pitch on 
substrates 16 and 17, respectively, as shown in the drawing, and these protrusions 20A and 20B are so situated as to 
deviate a little from the respective opposing positions. In other words, the region B is extremely narrowed in the struc- 
ture shown in Rg . 102 so that the regions are occupied almost fully by the region A. 

The panel of the twenty-fourth embodiment is used for a protrusion type LCD. for example. The viewing angle per- 
' formance of the protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 
are required for the protrusion type LCD. Since the orientation direction of the panel of the 24th embodiment is substan- 
tially in one direction (mono-domain), the viewing angle performance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are disposed the response 
speed IS improved markedly in comparison with the conventional system, in the same way as the LCDs of the foregoing 
embodiments. As to contrast, the contrast of this panel is substantially equal to other VA system and is therefore supe- 
rior to that of the conventional TN mode and IPS mode. As has been explained already with reference to Fig 27 the 
onontation gets distorted and leaking light transmits through the portions of the protrusions 20A and 20B To irrp'rove 
contrast therefore, the portions of these protrusions 20A and 20B are preferably shaded. As to luminance, on the other 
hand, the aperture ratio of the pixel electrode 13 is preferably increased. TTierefore. the protrusions 20A and 20B are 
disposed at the edge of the pixel electrode 13 as shown in Rgs. 103A and 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 20B is preferably decreased but 
In! ".'^o protrusions 20A and 20B must be disposed around the pixel electrode 13. When the protrusions 

20A and 20 B are disposed around the pixel electrode 13. these portions must be shaded, so that the aperture ratio 
drof» as much^ As described above, the response speed, the contrast and luminance have the trade-off relationship 
and they must be set appropriately depending on the object of use. and so forth 

t ! * u"*^'® achieving an LCD panel having excellent viewing angle performance in three direc- 

tions by utilizing the technology of forming the mono-domain according to the 24th embodiment In this structure the 
protrusions 20A and 20B are disposed In such a fashion as to define two regions of the transverse direction in the skme 
proportion and one region of the longitudinal orientation inside one pixel. The two regions of the transverse orientation 
m he same proportion are farmed by so disposing the protrusions 20A and 20B as to deviate from one another by a 
half pitch as shown m Figs. loOA and lOOB. while one region of the longitudinal orientation is formed by disposing Jie 

Slnrrn I ^"'^ T ^""^ '° ""'^"^ ^ '^'^^ '^'9= ^03^^ 103B. This Structure ca^ acS^teh a 
panel which has excellent viewing angle performance on the right and left sides and on the lower side but hj^lower 
viewing angle performance on the upper side. 

The LCD sucfi as of the 24th embodiment is used tor a display which is installed at a high position so that a laroe 
number o^ people look it up from below, such as a display device disposed above a door of a tra^ ^ 

thP ^ jrr" '"r^H J'^^^^ °' ^'^^ '^'"^ 0"«"»ation division and the LCD of 

lit! . f «^«=^execute the orientation division by the protrusions or the like, the response speed from tiacS to 

TnZ ^'7'"!^ " ""P^""' *° °' ™ ^ ^^P°"«« ^P^"* between^e intermediate gray ^Lte 
IS not practically sufficient. The twenty-fifth embodiment solves this problem 

.iJT. ^'"'^"'^ *" 25th embodiment. Rg. 105A shows the shape of the protru- 

sion when viewed from ttie panel surface and Fig. 1 05B is a sectional view. As shown in these drawing the piSi^ of 
ttie protrusion 20B is charged inside one pixel so as to define a portion having a different gap with the JoiSSa 
\n consequence, the proportion of the domain oriented in two directions can be made ecJ^rTi.!^Zo !Z^: 
formance is symrnetric. When the structure shown in the drawings is employed, the re^e speeS Z2^TZ- 

Fig^ioe shows the structure of the panel manufactured for measuring the changes of the resoonse soeed and the 
'"^h^T:'"' protrusions'20A and 20B have a h^it^T^ ^m an^^ 

«2Jn nf th'""' «"f,*^V^^'^«^ °* crystal layer is 3.5 ^m. The response speed and theLnsrnitte^ce ^ Sie 
region of the gap d1 and the region of the gap d2 are measured by setting one of thegaps d1 of fl^^pSJSns to^S 

corresponding to the intermediate gray-scale. 
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Fig. 107 is a graph sJwwing the result of the response speed measured in the way described above. This graph 
corresponds to the one obtained by extracting the object portion shown in Figs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
parameter. Fig. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 108A and 1 08B that the response speed of the intennediate gradation 
can be drastically improved by decreasing the gap d2 of the protrusions. However, the maximum transmittance drops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A is a graph showing the normalized time change of the transmittance at each gap d2, and Fig 109B 
0 explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 urn is Ton 1. the ON 
response time when d2 is 20 ^m is Ton 2 and the ON response time when d2 is 30 \sm is Ton 3. they have a relktionshio 
of Ton 1 < Ton 2 < Ton 3. 

The reason why such a difference occurs is because only the liquid crystals in the proximity of the protrusion are 
. onented perpendicularly to the slope of the protrusion and the liquid crystals away from the protrusion are oriented per- 
pendiculariy to the electrode when the voltage is not applied, as shown in Fig. 109B. When the voltage is applied the 
liquid crystal is inclined, and the liquid crystal can take the tilt angle of up to 360 degrees with respect to the axis per- 
pendicular to the electrode. The liquid crystal in the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid crystal between the protrusions is oriented in such a fashion as to extend along the former liquid 
crystal as the trigger. In this way is formed the domain in which the liquid crystals are oriented in the same direction 
Consequently, the closer to the liquid crystal to the protrusion, the more quickly it is oriented. 

As described above, the response time between black and white is sufficiently short in the existing VA system LCDs 
and It IS the response time between the intermediate gray-scale that becomes the problem. In the case of the structure 
shown in Figs. 105A and 105B. the transmittance in the regions having a narrow gap d2" changes within a short time 
whereas the transmittance in the regions having a broad gap d2' changes gradually The regions of the gap d2" are nar- 
rower than the regons of the gap d2' and have a smaller contribution to the transmittance. but because the human eyes 
have logarithmic characteristics, the human eyes catch the change as a relatively large change when the transmittance 
in the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2" 
changes within a short time, this change is caught as the drastic change as a whole 

As described above, the panel according to the 25th embodiment can apparently improve the response speed 
Between the intermediate gray-scale without lowering the transmittance. 

Fig. 1 1 0 shows the panel structure of the 26th embodiment. As shown in the drawing, the protrusions 20A and 20B 
are disposed in an equal pitch on the substrates 16 and 1 7 and the electrodes 12 and 13 are formed on the protrusions 
o^^'^^^'olo'" embodiment However, the electrodes are not formed on one of the sfopes of the protrusions 

\ ^ "^"^"^ alignment film is further formed The protrusions 20A and 20B are arranged in such a fash- 
ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another. In the region between the slopes on which the electrodes are not formed, the liquid crystals are oriented 
perpendicularly to the slopes, and the orientation direction is decided consequently. The electric field in the liquid crystal 
layer IS represented by broken lines in the drawing. Since the liquid crystals are oriented atong this electric field, the ori- 

cS°wi.i';h'?nllV° I "^"""""^ °' °" are not formed, coin- 

cides with the orientation direction due to the slopes. 

In the region between the slopes on which the electrode is formed, on the other hand, the liquid crystal in the prox- 

1 ^prtrirS >hT ^L'^'^'T" *° """'^ ^«9'o" *e oriented along 

il?!?H T 1^ °* ""^^ ♦•^^ ^"tage « applied. Consequently, the or? 

entaton directions in the two regions become equal to each other, and the mono-domain orientation <2i be oirtained 
Fig. ni shows the viewing angle performance with respect to contrast when a phase difference film havinq neaa- 
t|ve dielectric constant anisotrcpy and having the same retaidation as that of the lk,ukl crystal panel is supeSS 
panel of the 26th embodiment A high contrast can be obtained over a broad range of vieSTng aX i^S^y 

t est ratio obtained when the ordinary TN mode LCD is assembled into the protrusion type projector is abo J^^loS 7nd 
It can be appreciated that the contrast ratio can be drastically improved J««or isaoout loo. and 

f ir«t ^o^^ rJT!.^ '^^^^ ""^'^y "^^^^ ^^^'"9 a configuration with a protrusfon pattern is driven as in the 

ine) in the pixel. Th« e due to the undesirable minute region (domain) formed in the neigl*oSood of the bSsTne a^d 
he resulting disturbance of liquid crystal orientation and reduced response rate. The probler^^tJurfs p^ei S a 
e^lr'"' ^ - '^--^ color Characteristic in ha« tone. This'problem is L^v^nl 27th 
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Fig. 112 is a diagram showing an example pattern tor repeating the linear protrusions accoiding to the emtxxli- 
ments as set atxwe. The protrusion pattern descrit)ed atx)ve has a plurality of protrusions of a predetermined width and 
a predetermined height repeated at predetenrtned pitches. In Rg. 112, therefore, the width 1 and the interval m 
assume of the protrusion assume the predetermined values of 11 and ml . respectively. In the shown example the width 
5 of the protrusion formed on one substrate is different from that of the protrusion fomied on the other substrate. The pro- 
trusions fonned on a substrate, however, have a predetermined width 1 . This is also the case with the protrusion height 

Fig. 1 13 is a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the liquid aystal 
used. As shown, it is seen that the shorter the wavelength, the larger the retardation An. Thus, the retaliation An 
10 increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, and different colors have different retardation 
An while passing through the liquid-crystal layer. This difference is desirably as small as possible. 

Fig. 114 is a diagram showing a protrusion pattern according to a 27th embodiment of the invention In the 27th 

®"S?fl?!fIlL*'® ""^ ^'""^^ *® P'^^ (") P««' each have the same protrusion 

width I but different protrusion intervals m. Specifically, the Bpixel 138 has ml. the G pixel 13G m2 and the R pixel 13R 
15 m3 in such a relation that ml > m2 > m3. ion 
The smaller the protrusion interval m. the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus making it more possible to alleviate the problem of the electric field vector at the time of drive Fig 115 
IS a dagram showing the relation between the applied voltage and the transmittance as measured while changing the 
protrusion inten«l. It is seen that the larger the interval m. the larger the numerical aperture, and hence the transmit- 
««"ce IS improved. The wavelength dispeiston characteristic of the optical anisotropy of the liquid crystal is as shown in 
Fig. 11 3. By changing the protrusion interval m for each color pixel as shown in Fig. 1 14. the difference of the retarda- 
tion for a partcular color can be reduced An while passing through the liquid wystal layer for an improved color charac- 
icrisiic. 

« . kS' ' ^ '^^^'T. ^ protrusion pattern according to a 28th embodiment of the inventton. In the seventh 

m but different protrusion widths I. The effect is the same as that of the 27th entjodiment 

Fig. 1 17 IS a diagram showing a protrusion pattern according to an 29lh embodiment of the invention. In the 29th 
n^l"If . ^T"^"" '"^^"^ ^^^^ P*«' set to a small value ml in the upper and lower regions near to 
th^Ho^K ! ^^9e value m2 at the central region. In the neighborhood of a bus line such as the gate bus line 
ZT.llTr T ^ °' ^"^'"9 and the liquid crystalline molecules fall into a state not 

SS. f r *° ^^"^^ "^"^ deteriorating the display quality. According to the eighS 

SI ^rnnT^ H T i^' ^'^'"^^ ^ ^ '""^ °' ""desirable domain is suppressed 

TTll^T^L^n"" •'7^°? °' ^^e^efo^e. a larger protrusion interval is recommeij^ 

rJLuS; iSc^^!^ 1!^*?, '? ^'^^ embodiment can minimize the reduction in numerical aperture and 
reduce the effect of the electncal field vector generated by the gate bus line 

.rr^Jr!^' '^'^'T ^^^^^ P'''^' ^"""^'^ "^'^ ^^"^ protrusion pattern according to the 29th 

embodiment shown in Fig. 11 7 is actoally realized. av^owuing 10 me ^snn 

the 3o!i lll^^Jf r *^T'"^ ^ Protrusion arrangement according to a 30th embodiment. As shown in Fig. 1 19. in 
the 301h embodiment, the protrusion height is changed gradually 

Fig. 120 is a diagram showing the change that the relatfon between the applied voltage and the transmittance 
andrcomtruJ^r*^!" '1^'' " ^^^^^e that theTelation beSTeen mrapS v^e 

rj^^l !l riS^^^ the change of the transmS^e in wf,'e 

tevel with respect to the protrusion height, and F.g. 123 the change of the transmittance in black level with resoect to 

meni'^JhT" 'T' ""^^"^ °* "^^^="""9 transmittance and the^oS^sr^t^^^ 

rnent with the width and .ntenral of the resist for forming the protrusion set to 7.5 Mm and 15 um r^eciveT tht cSl 
thid«>ess to about 3.5 ^. and the resist height to 1.537 nm. 1.600 nm. 2.3099 n^and 

This measurenient shows that the transmittance of white level (with 5 V applied) increases with the resist heioht 
S i? T *° ^ ^'^'"'^ ^^^y role^?ilting thrS?cT:^taTrs ^tXt 

ZZtl'^l: ^ transmittance (leakage light) in black level (^oJ any a^ ^H^e) a^^ 

increases with the protrusion height. This is not desirable as it works to deteriorate the black l«^el The ^nliJt 

«.» R p.««, exantpl.. ft. p«„son heigw is InoeasM. and „eo,^ lo,«,e 0 pixel ,« lha B T«lZ^. 
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or in each pixel, Ihe protrusion height is increased in the neighborhood of the bus line and lowered at the ceitral portion. 

The inventor has confirmed that the sa en display can be accomplished without any problem a/en when the pro- 
trusion height is increased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
^el as the cell thickness as shown in Fig. 124A. or protrusions are formed at the opposed positions on the two sub- 
5 states as shown in Fig. 124B so that the sum of the heights of the two protrusions is the same as the cell thickness In 
this way, the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrane showing a protrusion pattern according to a 31th embodiment. In this embodi- 
ment, as shown in Rg. 125A, the inclination of the side surfaces of the protrusion is defined by the angle e that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth embodiment 
10 assume that the taper angle e of the protrusion 20 can take several values as shown in Fig. 125B. Generally, the laroer 
the taper angle 9. the more satisfactory the orientation into which the lit,uid crystalline molecules fall. By changing ttie 
taper ang^B e, therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made pos- 
sible by changing the taper angle for each color pixel to adjust the color characteristc or by setting a proper taper angle 
e .n accordance wrth the distance from the bus line. For example, the taper angle 6 is set large for the R^ixel and 
.5 decreased for the G pixel and the B pixel in that order. Also, the taper angle 6 is increased in the neighborhood of the 
bus line and decreased at the central portion in a pixel. 

• ^ "^T^^^^J^H^ reference to the sixth to tenth embodiments, the orientation regulation force of the protru- 
sion IS changed by changing the protrusion interval, protrusion width, protrusion height or taper angle It is therefore 
possible that these conditions are differentiated within a pixel or with different color pixels topartially differentiate the 

S2^"t^l nlTt^'r T'^'^' ^ *° "^"^ ^^"9 ^3'^ chaScteristic^r response ^e of Z 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystal depends on the wavelength as shown in Fig. 1 13. Therefore, an embodiment of the 

response speed for all the color pixels will be explained. 
25 First wavelength dependence of the VA system will be explained briefly. Fig. 1 26 shows the change of a twist anole 
of a liquid aystal layer due to the application of a voltage when a vertical iieSation (VA^X Sd cr^S diX 
^ZT^^. """"^ negative dielectric anisotrcpy (n type liquid crystal is provided vSth theCst aSe 

sirates and in a direction of 0 degree on the surface of the other substrate, so that the twist of 90 dearep., « Zl^Z, 

' subirl^T'' "JT""* ''"'T' '^"'^ mol'ecules L C-^^Sr^^^^^^ 

S^ttcu^ Zh^:T '"-^"L^ "^r"" *° °* substrate surface, but Lrst^g 

hardly occurs in other layers. Therefore, the mode does not substantially change to the rotatory polarization mode mS 
rriode but to the birefringence mode. Fig. 1 27 shows the change of relaL Jinance Cs^tt^S) toTe T^aeoi 

tTf T ^P«^<^^'rt«ance Characteristics to And of the liquid crystal than the TN moSe /te dir^SSlove 

the vertica orientation liquid crystal using the n type liquid crystal executes Mack display wh^ vo^SoSS aS 
white display when the voltage is applied, by using the polarizer plate as the cross-Nicil ^'^ 
B- A^l?nl^^,^*"^ ''^^^^ °* transmittance to the change of And at each wavelength (R. 670 nm G- 550 nm 
f-^O^-^Jl'tcanbeappreciatedfromthisgraphthatwhenthethlcknessoftheliquidcrystal^^^^ 

wavelength of 550 nm, the transmittance at 450 nm becomes excessively low Therefore the thicknpcK nf ««Tr,MiH 

r '"1 ♦^'^ "J^'um San^^^^^^^ 

in white display Therefore, luminance in white display is lower than that of thP tn mnHp =rJZ Z m . Iv 

Fig. 129 Shows the change of the liqud crystal response speed to the gap of the protrusions or the slits when And 
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of the liquid crystal layer is set so that the maximum transmittence can be obtained at the three kinds of wavelengths 
desCTibed above. The liquid crystal response speed becomes lower as the thickness of the liquid crystal layer becomes 
greater. In the VA system LCD panel which controls the orientation by using the protrusion, the liquid crystal response 
speed changes with the dielectric constant of the protrusion, the shape of the protrusion, the protrusion gap and so 
5 forth. However, when the dielectric constant, the shape of the protrusion and its height are constant, the response 
speed becomes higher when the gap of the protrusions is narrower, it can be appreciated that to obtain the liquid crystal 
response speed of 25 ms. for example, in Rg. 129, the gap of the protrusions or the slits must be set to 20 urn for the 
R pixel. 25 nm for the G pixel and 30 jim for the B pixel. 

Fig. 130 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 
10 truaons or the slits is set to 20 nm for the R pixel. 25 nm for the G pixel and 30 ^m for the B pixel from Fig 129 the 
transmittance is 80%. 83.3% and 85.7%. respectively, and the differences occur in the transmittance 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each color pixel 
so that the traremittance attains the maximum when the driving voltage is applied, the response speed in each color 
pixel Is rendered coincident by regulating the gap of the protrusions, and the area of each color pixel is changed so that 
15 the transmittance becomes coincident. a~au"i<n 
Fig. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 not having 
!lt= ° P'"®' P^"*'"" "^^^ ^ °' Mm and the B pixel portion having a thick 

u^S,n lir thi^A cT ? 'l^ ^"^'^'^ 1 6 and 1 7. The optimum condition is calculated for this thickness by sim- 
c2 r , « T ^^^'".'"^f' "9ence mode using the n type Hquid crystal. Further, the height of the protrusion 20A is 
20 setto2.45mT.fortheR pixel. 1. 9 ^m for the G pixel and 1. 4 for the B pixel. Further, the gap of the protrusions is set 
to 20 ^ for the R pixel 25 um for the G pixel and 30 urn for the B pixel. The area ratio of the B pixel: G pixel:R pixel is 
set to 1 :1.03:1.07. In other words, the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixel 

The structure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1 .4 urn for the B pixel a pro- 
trusion having a width of 5 ^m is formed by photolithography After a vertical alignment film is applied, a 3.6 iim 'spacer 
L^,!Pl^^^J;°^""f,^^V^"**^««'^'*''"9a'^'^ring^^ In this way. the thickness 

of the liquKi crystal layer is 5.7 ^m for the R pixel. 4.6 pm for the G pixel and 3.6 nm tor the 8 pixel 
CF ^'LllfJ^^T^ panel sfructure of a modification of the 32th embodiment, wherein a protrusion is formed on the 
re^^tfiS!. 71 nlf ht p""^ P'"^' 13 of the TFT substrate 17. In this modtfication. an aaylic 

resin strw;ture 71 not having the R pixel portion but having the G pixel portion having a thickness of 1 1 um and the B 

1 ? P^^'r' ! '^'^'^ P™^^' '° CF substrate 16. After a resist is applied to iZtZ^l 

1 .4 ^m for the B pixel, a protrusion having a width of 5 ^m is formed by photolithography As aTesurt he he gwS^e 
prcjrusion « 3 5 ^m for the R pixel. 2.5 Mm tor the G pixel and 1 4 ,m for the B pS^The gap btS^eeXXuJSn 

^■xrerR's^^ 

' i. J^^^j^^^^^ difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G pixel 
he «S ?«lrp?i °^ 32th embodiment and to its modification produced in the manner described IbLe.^ 

mo^^^^ -^r^Z"^ °' P^""' *e ^'ie^ina «n9le and the critical angle direcSn 

0 to 80 degrees . The results are shown in Fig. 249. By the way, the measurement results obtained by cSanoina the 
thickness of the liquid crystal layer in the prior art example are also shown in Fig. 249 as the refereSel^uS' ' 

. 1 f fr"'" '''9 249 the transmittance (luminance) in front can be increased by increasino the 

LJTff M ? ""^"^ '^'^^^"^ °' '^^^^ «"9le. the transmittanceTthe square wa^ 

Its modification, the gap of the protrusions or the slits is narrowed for the R and G pixels so as to make unifnrm «« 
^ re^nse speed of the liquid aystal. and the transmittance becomes lower than that oM^epri? art ^^^^^^^^ Z 
T^nZTl" "^"^ '^'^ «^"'^ ^ layer is set so tha^ t^Sl^iJa,^^ 

rrangTe^Srrs::^,;" ' '^""^ " ^''""^ ^^'^ ^'«— directlorSThe c^ 

to fhr?N m^!!l°^"^ *° embodiment and its modification can brighten while luminance to the level equal 

r?ri!.Ilr '**^.""5'"9 «»'°ra»'0" Of the panels in the broad range of the viewing angles Because fte S 

Z^JTTk" " """"'"^ '° '° "^"^^ '° each liquid cX layer dSpla?^^^^ 

obtained with high color reproducibility even when dynamic image display is made ^ 
Next, processes for forming protrustons vnll be described. 

When protrusions are formed on electrodes 12, 13 of a CF substrate 16 and a tft R,.hc»«»a 17 4h • ^ _^ . 
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lating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact For cr ating conducting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th emtxxJiment. The thirteenth 33th pro- 

5 vides a structure in which an insulating layer used in the conventional process is utilized for creating insulating protru- 
sions. In this structure, the TO electrodes 13 are formed first. An insulating layer is formed on the ITO electrodes and 
portions of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 

w rajuired to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left intact 
Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process In the drawing refer- 
ence numeral 41 denotes a drain (data bus line). 65 denotes a channel protective film. 66 denotes a wiring layw used 
to separate devices, and 67 denotes an operating layer for transistors. The ITO electrodes 13 and sources are linked 
by holes 

15 Figs^134A and 134B are diagrams showing exanples of a pattern of protrusions manufactured according to the 
process described in conjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions used to 
divide an onentation-divided domain into two regions, and Fig. 134B shows zigzag protrusions used to divide an orien- 
tation<livided domain into four regions. In the drawings, reference numerals 68 denotes a protrusion and 69 denotes 
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20 Fig. 135 IS a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment provides a 
s^ruchire in which a conductive layer used in the conventional process is utilized for forming conducting protrusions. In 
this structure^irst, a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating layer 

25 ^l^nZJ^ 17^ ^'1 ?^ . ^"^ ^" '"""'^''"S ^""^ ^^'^^ *^«^«'"- A layer of gate electrodes 
25 31 IS then formed^ The insulating layer is removed except portions thereof coincident with the gate electrodes At this 

time, portions of the insulating layer coincident with the protrusions 20B are left intact 

-.^J^J^^^ TJ^f.^l'Z ^"^'^ °* ^ P^"^'" °* protrusions manufactured as described in conjunction with the 

H^^'c ^' ^36B shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 
drawings, reference numeral 20B denotes a protrusion. Reference numeral 35 denotes a CS electrode The CS etec 
nodes 35 are extending along the edges of pixel electrodes so as to work as black matrices, but are seiati from Se 

..ho^^fn l^IV^yl^J^ ^ ^'"'^^^ manufacturing the TFT substrate of the panel of the 35th embodiment As 
Shown in Fig. 137A, the gate electrode 31 is patterned on the glass substrate 1 7. Next, the SiNx layer 40 me Vmo^ 

fs ZnTr^LT T'"' '° bus line, the source 41 and the drain 42 are formed, and Ihing 

draTn 42 A^ffth^c,'^ T"'"^ •° corresponding to the data bus line, the source 41 and t^e 

dram 42^Afte the aNx layer corresponding to the final protecting film 43 is formed as shown in Fig 137D etchSo i! 
then made to the surface of the glass substrate 1 7 in such a manner as to leave the portion^IsB ai^5'40B co^ll^!^ 
ing to the portion necessary for insulation and to the protrusions. At this time, the L^teS hote ^ the Irce 3<S 
41 and me pixel electrode is formed simultaneously, too. Further, the ITO electrode iTyer s formed arS oIttSST 

fr,:^Si;:^r^'^^"^""^^^^^^^ 
re.:Sirr.r.^^^^ 

fore, the height of the protrusion is the thickness of the f ii^l protectilS Wm 43 ^ 

Figs. 139A to 139E show a process for manufacturing the TFT substrate of the oanei nf tho nmK«Hi»,»». a 
showninFigJ39A.thegateelectrode31 is patterned on Je glass subS^e'^ 

corresponding to the data bus line, the source 41 and the drain 42. The n- a-Si layer and the a-Si 72 are etched 
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by using the data bus line, the source 41 and the drain 42 as the mask. Atter the SiNx layer corresponding to the final 
protectng frim 43 is fonmed as shown in Fig. 139E, etching is made up to the surface of th pixel electrode 13 in such 
a fashion as to leave the portion necessary tor insulation and the portions 43B and 40B corresponding to the protru- 
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J^e explanationpredetenriined above explains the embodiments relating to the manufacture of the protrusion 20B 

17. and the like. In any case, the production cost can be reduced by manufacturing the protrusion by conjointly using 
the manufacturing process of other portions of the TFT substrate 17. y w^njoinny using 

f..J^!l^ JT" °* *e dielectric material disposed on the electrode has the advan- 

2* If T '^^ ^ °^ °* orientetion by the slope coincides 

^ w ^ °* 'Tf"^ ^ P'^t'^sion portion. However, the protrusiS 

th™ iSf cell becomes asymmetric between a pair of electrodes, and the charge is likely to stey 

,5 Tr^ ^^ Z DC voltage becomes high, and the problem of so^le^ 

IS burn occurs if the area of the projection is refatively farge. 

thp roSi Jmi ^^l^^'TJ^^ relationship between the thickness of the dielectric material on the electrode and 
t?*ol1S.S TT J^;2i°'' " ^ relationship and Fig. 140B shows the portion corresponding 

1 ! ? ' "^"^ "^'^"^^ ^ °* occurrence of "bum". The vert'Sl alignment fSm 22 

S clf""^ T T"^"' "^'S- ^^^i^''^' DC voltage increasrwS t^S^S 

.Ln hoi^r 'M' '^'^ occur attheportion of the protrusion 20 shown in Rg. f^B 

sS^ln Fr93 ?i?7th:S^''' ''flf:'' °" ^'«^^«^« «^ eighteenth embodimem 

i?if=„?^i!i^ n embodiment to be explained next is directed to prevent the occurence of such a problem 
. , «, ^ 1 ^"^""'^ protrusion in the 37th embodiment. Fig 141A is a oersoertive via* 

J^^^'T" ^° ^ ^'^ ^ ^ ^ ^o^" drawings, the pLusSr^^20 halTS o?^ 

CnS^TnT "^"^^ '"""'^ " ' ^= ^«'9ht is about 1 to 1 .5 Sm A lige nuS,er of'fne ^ Irl 

formed on this upper surface, and each fine pore has a diameter of not greater than 2 nm 

inn r^^'r ^° ^^^^ T ^"^^"^^ ^""^"^ a method of forming the protrusion (on the side of the CF substrate) hav- 
mg such fine pores. As shown in Fig. 1 42A, the glass substrate having the opposed electrode 12 of the ITO f iSrml 
ttjereon IS washed. A photosensHK^e resin (re^st) is applied and is tSen bS^ to fS ^e^i^ faye?3S^^^ 
Fig^ 142B. A mask pattern 352 permitting light to transmit through the portions other than the protrusion and th^^ e 
portior^is brought into close confact with the resist layer 351 and thenVxposure is effected TSrprrt rsior2rsh^ 

sh^lnt ^ TT "^^^"^ development. When baking^made further. p^rS^srunSerg^ 

shrinkage, and the side surface changes to the slope as shown in Rg 1 42E h us. on unaergoes 

When the substrate having the fine pores formed in the protrusion described above and the substrate not havino 
the pores are assembled and the resdual DC voltage is measured by a fficker erasure mJZ STc S V^i 2 5 
perature: 50 C. DC application time: 10 minutes), the residual DC voHage is 0 09 V whrn*^ine cores a^e tor^^ !^" 

fieldSb^^^^^^^^ 

L irmiris'^t rSTa^rJ""'" """^^^ '° ^^^^ Ther^oTtS^C C 

gmmmmm^M 
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145E are diagrams showing a change in sectional shape of the resist deriving from a change in temperature at which 

!lr„^r.l'!!f '^'.^ ^"^^ temperature was raised to 150«C r more, a further change in sec- 

tional shape was limited 

ic J^M^!^^J'^^^!!! "^^^ ^* ^^^^ « that the sectional shape of the resist 

IS intended to be changed, there is another important reason. That is to say, when the resist employed in the prototypes 

embodinient. the reast is baked at a high enough temperature before the alignment film is formed, and thus prevented 
from reacting upon the alignment film « i luspievtsruea 

Da Jl,l?h!i?h!^?'"*Il*'^ "^^^ * *° "^^^ ^ *e resist cylindrical. 

* T ~ *^ *® P^**«'" protrusions whose sectional shape is cylindrical 

In Je foregoing examples, the sectional shape of a resist is made cylindrical by optimizing the baking teiroerature' 

2 °!? ''f?'""" °' " '^'^ ^"'^ "''^""^ ^^'^P* When the line wii 

T^^ZlrT^ \ tS?' Presumably, therefore, when the line width is about 

iLTwZ of f ^"""^.^ ''^ tormed. In an existing display, the 

ine width o^ 5 micrometers can actually be adopted. Depending on the performance of an exposure device when 
the line width ,s ,n the unit of submicrons. the same alignment can be thought to be attain^lin prinapte 
.iinn!!l!?n t regulating means, furthermore, it becomes necessary to form a vertical 

alignment film thereon. Figs. 147A and 147B are sectional views of a conventional panel using protiisTon aTa dS, 
regulating means, and illustrates the protrusion. Referring to Fig. 147A. on the sul«t,ates 16 aSi 17 a^ form^ 
fil ters and bus lines as well as ITO electitxles 12 and 13. Protrusions 20A and 20B are form^ther^n tSUS 
ahgnment fdms 22 are fom,ed on the ITO electrodes 12 and 13 that include the protrusions 20A and 2?B 
ufactre^^bT^R ?oTpt?rf 5: 1"^ positive-type photoresist such as a TFT flattening agent HRC-1 35 man- 
utertured by JSR Co. the surface exhibits poor wettability to the vertical alignment film, expels the material of the verti- 

FruJeSll'thtt'J^^^^^ 

I conditon. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur 

rioS:?he^rrcSd^rAi^%^r^^^^^ 

According to the 39th embodiment, the surface of the protrusion is treated so that the material of the vprtir^i »iir,n 
p.as^SthlnTJSl^em''"''"'""*"^'"^ 

machte'rfttTe'prS'on hS^^^^^^^ ''J^^ « - -^^trate washing 

examples of the m^em^C^iXfo^C^^^ °" ^ P^°»^-o" O*^- 
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tr2lV^2 1 *® substrate by using a photoresist By using an exdmer UV irradiation apparatus, the sub- 

J!S,n J"™?'. T ^^^ ^^ '^^ °* ^ wavelength of 1 72 nm In an environment in which an oxygen concen- 
ttaton .s not .o*er than 20% .n a dosage of 1000 nvJ/cm^. This helps inprove the wettability of the surfaces of the 
^Tn^t *f P^o'^S'O" to the materiaJ of the vertical alignment film. The thus obtained substrate is 

' K ^' 'i«»*ed with the vertical orientation member by using a printer. Since wettability has been 

^ S! '^♦^ f °"^^^on material is not expelled, and the vertical alignment film 

Of rSi^rl °' Thersaner. the processing is carried out in the same manner as that 

erties without defect that stems from the expulsion of the alignment film. ^ yt«^ 

ft^m c^f ^Hien the corKl Jons are changed in which the protrusi^ 

uLlna^ ff!?, ^ '^^^P «^"9 ^l^e wavelength, dosage (radiation quantity) and expulsion fador 

S^nl^f r I'^'ln^^ "^^"9 a wavelength of not longer than 200 nm Je effecbVe. When ie 

««velength .s longer than 200 nm. the improvement is accomplished to only a small degree. Vyftien the ultraviol^ m« 

i^/L' '^.^ '"ll'r "° -tt' t''^ dosage Of loS 

^IT^H ^" » ^- ^ ^ relationship between the oxygen concentration and the expulsion factor o^ 

^Joo .^il'^ In »n"l' "'*'«^°'«» « wavelength of not longer than 200 mn^ith a doS o 

1000 mj/cm^. In an environment where the oxygen concentration is low. ozone is not generated in sufficient amounte 
and the .mproyement .s accomplished little. It is therefore desired that the protrusion is irradiated wTuTivioS^^« 

20% with a dosage of not smaller thanlOOO mj/cm^. ui iwwei irwn 

As an apparatus for generating ultraviolet rays having a wavelength of not longer than 200 nm there can be used 
a 'ow-pressure mercury lamp in addition to the above-mentioned exdmer UV irradLon apparaiT' 
^J"Jr processing, the substrate was washed and dried after irradiated with ultraviolet rays How- 

ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried In this rase sSe ora 

oeing left to stand after it is irradiated or by washing. ' 
.r. il!?!llf k!1°"1^^ protrusion can be drastically improved if a silane coupling agent, an alignment film solvent etc 

. i LSf "^IT^ align^ient film is SrrL. More SnTete 7^6 s^ate 

hi?S?.Sr ^ t^.'". P'^^^^"" '"'^ semicylindrical shape as^ho^ln Rg ^TlZ 

IS to S LTtrtS; is applied by using a spinner. A^ertical orientation mater^^^^^^ 

S J i ^ "^'"^ ^ ''""'"9 P^^^^- way, the vertical alignment film is satisfactorily form^ on iil 

o v^a aCZui ImTv bl'.''""^^^^^^^^ ""^ ''^ ^"^^ °^ Fouler pl^ 

s:vrrrn;sr^^^^^^^ - .mma-t^dacne. ^z^^^ZT:^:: 

sion in ?h J ?^J°e,lSilTlT°'' ^'^'"'"^ ^" P«^"<=«0" ""etfxxJ of the protru- 

Shades the protrusioTpTrtlc^ Jfhov^ in ^r^^^ -^""^"^ "''"^ * P''"^"™^'^ 
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number of concave-convexities are formed, and wettability can be much more improved than in the embodiment shown 
in Fig. 154 when the vertical alignment film is applied. 

Figs. 154A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine partdes. In this example, after the resist 360 is epplied to the surface of the electrode 12. the fine alu- 
mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360. followed then by pre-baWng 
Thereafter, the protrusion is patterned in the same way as in the prior art and the protrusion 20A shown in Fig 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concave-convexities are formed. 

Figs. 155A and 155B are explanatory views useful for explaining an exanple of the manufacturing method of the 
0 protrusion in the 39th embodiment, and represents the example wherein a protrusron material is foamed to form the 
concave-convexities on the surface of the protrusion. The resist tor forming the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Propylene Glycol MonoMethyl Ether Acetate), for exanple. is applied by a spinner and is then 
pre-baked (pre-cured) at BO'C. Under this state, large quantities of the solvent remain inside the resist. Patterning is 
then carried out by exposure and development by using a mask. 
< Accading to the embodiments as described above, as shown in Fig. 156 with a broken line, the temperature is 
gradually raised inside a clean oven up to 200»C in the course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature in the course of 10 minutes. In contrast, according to 
this embodiment, as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200»C and is 
heated for 10 minutes. At this time, about one minute time is necessary to raise the substrate temperature to 200-0 
Thereafter, the siAstrate is left standing for cooling for 10 minutes to the normal temperature. When quick heating is 
earned out in this way, the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Fig. 1 55A. The bubbles 362 are emitted outside from the surface of the protrusion 20 as shown in Rg 1 55B At this 
time, the traces 363 of the bubbles are left on the surface of the protrusion, forming thereby the concave-convexities 

Incidentally, when the resist dissolved in the solvent is stirred before the application and the bubbles are introduced 
into the resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be carried out while 
a nitrogen gas or a carbonic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formabilHy at the time of heating increases 
Water of crystallization which emits water at about 120 to about 200»G or a clathrate compound which emits a guest 
solvent may be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica gel adsorbino a 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and consequently, foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a size 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
trusion in the 38f h embodiment, and according to such structures, the vertical alignmerrt film can be formed more easily 
on the surface o^ the protrusion. Figs. 1 57A to 157C show another method of forming the protrusion having the grooves 
such as those of the 38th embodiment. a wvco 

wh>i^ ^^°!!rJ"r^ P'°*^"^*°"s 365 and 366 are formed adjacent to one another by using a photoresist 

7!^^^ "^f L mK:ro-lens. Ihe patterning shape of this micro^ens can be changed depending on the light 

reflection intensrty. the baking temperature, the composition, and so forth, and when the suitable baking condition is set 
the protrusion collapses and changes to the shape shown Fig. 157B. When the vertical alignment film 22 is applied to 
th^shape, as Shown in Fig. 157C. the vertical alignment film 22 can be formed satisfactorily because the cenlJof the 
p^rusion 20 is receded. After the material described above is applied to a thickness of 1^5 ,m. the protrusionrsS 
t^. ft^n P^"®;"^ ^-^^ °' 3 and a gap of 1 pm between the protrusions. The film is then baked at ISO-C 
for lOto 30 minutes As a result, two protrusions are fused to each other to form the shape shown in Fig 157B A 
^Jnt !^n^" T "^"9 '""^ "^^^ protrusions 365 and 266 can be fused to one another 

Z^laVXl l"' ^ ^ *° 9«P ™"9e 0-5 to 5 ^m. When 

LIm^ H ^2,^"^"^°"^ 5 Mm. this height affects the cell thickness (thickness of the liquid crystal 

layer) and impedes injection of the lk,uid crystal. When the width of the p«rtrusion is smaller than 2 um on Se rthe 
handjhe onentabon limiting force of the protrusion drops. Furthemiore. when the gap between^e prruJons 

S»r«r h'" ^""''""^ *° embodiment. Here, the protrusion may have any pattern and may not be of the 

Shape Of a dome in cross section. Moreover, the material forming the protrusion is not limVed to the ph«Jrelt L may 

chemiSroT^Sr:^^^^^^^^ °' ' ^ '^'^ ~n"de?a^Z 

chernical or phyacal formaton of ruggedness in a subsequent process, however, it is desired to use a material which 

■s soft, IS not easily peeled Off and can be subjectedtothe ashing. The materialssatisfyingiheseco^S^^^^ 
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toresist, black matrix resin, colored filter resin, overcoating resin.and polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
the material of the alignment film, making it possible to prevent a trouble in that the alignment film is not formed on the 
5 surface of the protrusion, the quality of display is improved and the yieM is improved. 

In the past, a so-called black matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region between pixels. Fig. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R. green filter 39G. and blue filter 39B 
that coincide with red. green, and blue pixels are formed on a color filter (CF) substrate 16. and ITO electrodes 12 are 
10 formed on the CF substrate. Furthermore, black matrices 34 are fomied on the bordeis among the red. green, and blue 

^^^^ H f . ^"^ ""^ ""^^ °' '^^ "^^'"^^ 33 are formed together with ITO electrodes 13 on a TFT sub- 

strate 1 7. A liquid-crystal layer 3 is interposed between the two substrates 16 and 1 7 

iftn 1^^ ^ of a panel of the 40th embodiment of the present invention, and F,g 

160 "S a dagram showing a pattern of protrusions over pixels in the 40th embodiment. As illustrated, the red filter 39R 
r5 green liter 39G, and t^ue filter 39B are formed on the CF substrate 1 6. As shown in Fig. 160. the protrusions 20A fo; 

c^l° r * ^^Tr- ^'^ """"^^ "^"'^ '^'y^*^' °* ^"^ embodiment, are formed on the CF sub- 
ZnHf' T !ir ' ^ P™fr"sions 20A are made of a iight-interceptlve material. Protru- 

sions 61 are formed on the penmeters of pixels. The protrusions 61 are also made of a light-interceptive material and 
. S 61 TT"- "^•^T J'" """"^"^ °' ^^"^ "^"^ 34 like in the prio? art is obv^^ti. The ^o'^ 

nurS^ra"^^ noli 5??""' ""f T-T °' '""^ ^"'^♦^^'^ '^^^ 

numeral 62 denotes a TFT in each pixel. The protrusions 61 are designed to intercept fight from the TFTs 

or °^ ^°t^^' ^'""^ °" ^'^^^ Alternatively, the protrustons 61 or 20A 

■5 ?6^nd ?P? sTS?, 7 °" ^'^^^"bstrale 17. Owing ,o this structure, a mismatch between the CF substrate 
5 16 and TFT substrate 1 7 occumng dunng bonding need not be taken into account. Consequently, the numerical aoer- 
oZ^^in T k' " "^'"^ "^^^ outstandingly. Assumin^that tie CF sub^tSeTe i 

provided with black matrices, when the ITO electrodes 13 on the TFT substrate 17 and open portions (portions ^thom 

1 ►^'Sh-prec.s.on bonding machine is employed, a matching error of about ± 5 micrometere (urn) presS^ 
A ~rr^Pond,ng margin must therefore be preserved. In consideration of the margin, an aperture fori^S ma^x 
M^Zn 2 ^ ^ T J^^L*"" ^«P^*'^ "'P^^ With. That is to say, each blaTmatrix is dS^ned to i^l^ e 
farm^ H . 17 by about 5 to 10 micrometers. When the protrusbns eTS 

n Z^iZ, I ^^T'^ ^ "^'^'^ «««ct of the bonding mismatch. ConsequenUy Sie 

' ..T 7 be maximized. This advantage becomes greater as each pixel ofthe panel geJ sSerThatYs 

as a resolution improves. For example, in this embodiment, a substrate having ITO electrodes of S clwSch wJfh 
IS 80 micrometers and height is 240 micrometers is employed. In any of the ojnventioS^es^nce a ^^nTs 
micrometers is needed, the width and length of the aperture become 70 micrometers and 2^croSrrs reTpell 
and the area of an aperture for each pixel becomes 16100 square micrometers. By contrast in trsl^^fmeS Se 
Zlw IV'^T ^9200 square micrometers. The numerical ^erture is improviTo^ e i^ro^^i 

mately 1 .2 times larger than the one permitted by the conventional mode. For realizino a disolavZt ol^s Wp^woL 
a resolution as the one provided by the panel, the width and length of an e^eorSe^t^^^r^^Zl^^^i^ 

??2Srhll' r^:. ^^^^ ^^^^^^ micrometers and thus in^ove^ to S^^pSr^S^^ 

IdvI:;;a1eT """"^"^ ^ ^'^^^^ 'Solution is, thTgrStTS 

abo^^''thlf 11' ^raTttT^n*^^^^ f ^ "T" « ^^♦^ embodiment. It was described 

ZTS. ^^^-^ -eans is'masked by uslta «a^ 

cell e^^r a^^Tsrnir 4^r^1rr^^^^ - --r ^ — ^ 
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line 31 is shown) and the cell electrodes 13. 

Fig. 163 shows a pixel pattern according to a 42nd embodiment Conventionally, a delta arrangement is known in 
which the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 
5 pixels of 13B. 13G, 13R. Each pixel Is almost square in shape, and as compared with a l-to-3 rectangle an equal pro- 
portion of liquid aystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel In 
this way. the delta arrangement is very effective in the case where a protrusion arrangement or a depression arrange- 
ment IS continuously formed over the entire substrate surface for orientation division. 
10 The 43rd embodiment to be described next is an embodiment using the protrusions for controlling alignment or the 
prrtrusions 61 serving as black matrices in the 40th embodiment as spacers. As also shown in Fig. 19, spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetennlned value. Fig. 1 64 is a dia- 
gram showingthe structure of a panel of a prior art. wherein spacers 45 are placed on borders between pixels and 
define the thifikness of cells. The spacers 45 are, for example, spheres having a predetermined diameter. 
^ 1'^' 1^ diagrams showing the structure of a panel of the 43rd embodiment. Fig. 165A shows the 

sfructure of the panel of the 43rd embodiment, and Fig. 165B shows a modification. As shown in Fig. 165A, in the panel 
of the ^rd embodiriient, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thinness of cells. In the drawing, the protrusions 64 are formed on the TFT substrate 17. Alternatively, the protru- 

>o rv?.^,!ri . /II! This stmcture obviates the necessity of including spacers. No liquid 

^SifL^ the pontons of the protrusions 64. For a verticaHy-aOgned panel or the like, the positions of protru- 
sior« (ce I holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 
olaSl^Srert "nS^.'^' P^'*"^""^ ^ "Ot be made of a light-interceptive material but can be made 

. n.JlZl^'^r^'!^'!! "^l"^ *" *® protrusions 64 define the thickness of cells. The precision in thk:k- 

the LJcl j J? T ''J'! protrusions, and is therefore poorer than th^ permitted when 

he spacers are used. A panel having the structure of the sixteenth embodiment was actually produced As a result a 
e/el of uncertainty in thickness of cells can be controlled within ± 0.1 miaometers. This lev JSould not ^e Z par 

ThI c ^""^T ^ """"^ ^ *° protrusions 65. and the resin is applied to the substrate 

thm """'""^ ""'"^ *° '^'^ Edification, the merit o^e 43«J enSS,em 

that the spacers are unnecessary is lost, but there is a merit that the thickness of cells can be defined irresoertre to 

^^rUl'f^r ^^'"^ ^ ^^^^ ^" '^"^ ««^in ^ 0 05 micrometers. N^elllSs 

pacers a e stillneeded. However, since the spacers are mixed in a resin, the spacers are arranged whileTheSn is 

^e xr^s z rn^ra^? °' ^""-^ -^-^ ^ ^ ?.i:irciX': 

ctr.I^M^l'^ ^'^ "^'^'^^ ^^'^'"^ modifications of the 43rd embodiment. Fig 166A shows a 

structure ,n which the protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made a a Z-^J 

"'onT«r h""", ''f 1^^ " ^"'^^^ theprotrusions 65 shown in Fig. 165B ^e rLVace^^^ 

s^ns 82 made of a light-interceptive material. As mentioned above, in Figs. 165A and 165B, thTp^^uS^s M and S 
may be made of a transparent material. The protrusions can still fill the role of black matrices SS^^ whe^the or^ 
trusions are made of the light-interceptive material, perfect light interception can be SS' ^ 
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Fig. 175A shows a structure in wtiich ttie UatiK matrix (BM) 34 is interposed between each pair ot the CF resins 39R 
and39G. The btack matrices 34 are fanned thicker than the CF resins, and the ITO electrodes 12 are formed on the 
wa* matrices 34. The black matrices 34 become protrusions. Even in this case, the black matrices 34 should prefera- 
bly be made of a resin or the like. 

5 In Fig. 1 75B, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 1 2 The CF res- 
ins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The ITO electrodes 1 2 are formed on the protrusions. 

In Fig. 176A. the thin black matrices made of a metal or the like are formed on the CF substrate 12 The CF resins 
39R and 39G are applied to the substrate, thus forming color filters. A resin other than the CF resin, for exannle a resin 

w used as a flattening material is used to form protrusions 71 without the use of the Wack matrices 34. The ITO electrodes 

f^S, u" ^2 P'°*''«'°"^- ^'^ <^^^' 'ike the structure shown in Fig. 175A. the flattening material is 

applied thicker than the CF resin. " 

In Rg 1 76B, a resin or the like is used to form the black matrices 34, of which thickness is the same as the thickness 
« °*P;ofr"^'°"s. on the CF substrate 12. The CF resins 39R and 39G are applied so that they will overlap the black matri- 
15 ces 34. thus tomiing cotor filters. Thereafter, the ITO electrodes 12 are fonned. The portions of the CF resins overlap- 
ping the Wack matrices 34 serve as protrusions. 

^ ^^'^ "ratrices 34 made of a metal or the fike are formed on the CF substrate 12 and the CF 

ofi2^*'T,^'i? ^^^^ Thereafter, the CF resin 39G is applied to overlap the CF resin 39R, and the 
no e'ecfrodes 12 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve as protrusions At 

fTer^'r^JT^ "^''''^ '"''"'^ P^^S^ °* Either of the color 

Wter resins may overiap the other cotor filter resin. According to this structure, protrusions can be formed at the step of 
forming color filters. The number of steps will therefore not increase. 

.^J^ '''V^^' V^"®"'"^ *^ ^PP"®^ *° °* CF resins 39R and 39G on the same sub- 

strate ^ the one shown in Fig. 176A. Portions of the flattening material 71 overlapping the CF resins serve as orotru^ 
25 sion^ Owing to this structure, the flattening material 71 can be made as thin as th^hJght o^pr^lZ 

nrJ^J^ZTJ^ ^"^'^ '^^'"^ ^"^^ O" protrusions and electrodes have the 

SSLs win be dtscnbS ^ "^""""'^ *" ^" '"^"'^""^ ^"^^ ^"^ protrusions on the ITO elec- 

rn.n!"f » ^ "^^""^ 34 are formed on the CF substrate 16, the ITO electrodes 12 are formed 

Color filters ^e then formed by applying the CF resins 39R and 39G. At this time, the CF resin 39G is appHe^ toHS 
the CF resin 39R. jus forming protrusions. Even in this case, the number of steps will not increase ^ 
.^^^fj*'®L*'!fJ[:'""^^ 16, colorfilters are formed by applyino 

Tr^rusi'nr ^ ^""""'^ "^^^'^ - then usidTS;^ 

CF rlsS 39R anf3^^'U?h2S'''^f ' 17 °" ^"^'^ ^rmed by applying the 

CF res^s 39R and 39a The black matrices 34 are then placed on the color filters, thus forming protrusion! 

theCF Lns ssf;;^^^^^^^^^ 

tne UP resins 39R and 39G. A flattening material 72 Is used to flatten the surface The ITO electrodP«i io Jr^L^ 

fI^Vs^ A to'^air "^"^ '"^^^ ^-"^ Protr'io^s ar^reaSL " 

47th .Svlillol? J^^'^'"' Steps for producing the cotor filter (CF) substrate according to a 

47th embodiment. The CF substrate has a protrusion as a domain regulating means accoraing to a 

If 16 is prepared. Then, as Shown in Fig. 1 81 B, a resin (resin B CB-7001 

thiS22"on 3'I"^;rerL?ti'''' "Tr'"^' ""^ "-^^ gfess'subJratern^'iS^ 

tnicKness of 1.3 jim. Then, as shown in Fig. 1 81 C. the resin B is formed on the portions of the blue IB) njypj rm r«,Jrl 
and protrusion 20A by the photolithography method using a photomask 370 ^h^n N^^efVrrliZ R^^^^^^ 

(T£m S^CG 7^\^n.^T JT ^""^ photolithography method. Referring to Rg. 181E a resin 

IT. SoJ?;S n^ufactured by Fu,i Hanto Co.) 39G' far green filter is applied to form the resin G on the p^?^s 
0^ the green (G) pixel, BM portion and protrusion 20A by the photoHthographTmethod Throuoh ttie ^^imiS!^ 

r?an?RTsrreS^^^^^^^ 

.ninr^l^rraTl^^^^^^^ 
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iTfr^SiTr "^'^'"9"«*.toFi9- iSlF.aWackpositK^e-typeresistCCFPR-BKPmanufacturedby Tokyo Ohka Co.) 
.s applied by the spin coater ma.nteining a thickness of about 1.0 to 1.5 ^. pre-baked. and is exposed to ulaviolet rays 

, ttouoh^; i ? T'" ° " superposed in three layers permit ultraviolet rays to transrSit 

5 through lessttian through other portions, and where a threshold value of exposure is not reached. When developed with 

ItJ; ^^"^ '""^"k- ^ 20A are formed that were not expose^o I^W S 

,r M ^ °* ^ ^''y^' P^"^ completed by sticking the CF substrate 16 prepared as 

desaibed above and a TFT substrate 17 together. In the TFT substrate 17. a slit 21 is formed as a dormfn Stina 
means in ttie pixel electrode 13. and a vertcal alignment film 22 is fomied thereon. Reference num^a74S iSirtes a 
gate protection film and a channel protection fHm. On the portions where the light must be shielded thTeM^^ fte 

^Ll^l ^"'^ 21 the TFT substrate 1 7 divide the orientation of liquid crySals matano it 

»5 siWe to obtain good viewing angle characteristics and high operation speed ysiais mawng rt pos 

SH"^-'-— ^^^^^ 

islornied.-men.lnRa 185C ai)osift«.t™^ia7.iM«^„T 

talning a IhicWeee of Lou. 1-/10^^^?^^^^.;; JI^''."^? . I^l** E« Ca) is awlea TOin- 
■n,e pratusion seitaned by s*,wS f.TSi1 G 1^^^ ■sto'"«l>y«,ep^oWi«og,apb, meth«. 

..^a«.„n«as.eB^.;?eLC«:.'S"srr,?r',s^srr,vrss:2^ 
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spacer 45 to obtain a panel as shown in Fig. 186. 

The 47th to 49* embodiments have dealt with the cases where the BM was formed by superposing the CF resins 
The lK,ujd crystal d«play device of the VA system holding the negative-type liquid crystallTno^S^y Jack ar^me 

shTeSiKth^ nt!'' T "^"^ ""^ P^"* «° passTrough. Therei,re Je BM for 

™n ^ w T'^^' ™^ "^^^ ^ "S*^ transmission factor which is not acceptable in the case of the 

normally white device. That is. the BM may have a light transmission factor which is low to ^&^en^^s^ht^ 

usett^V^SStir^^ 

1^ f ^"^ '^^^"P P™'"^'" fr^'" ♦^'e Standpoint of quality of display. 

188Aand1MB\r«Jrj;??*^^^ 

188Aand188Barediagramsillustratingthepanelstructureaccordingtolhe50thembodiment 
fermS on 'Z*°i ""'^ 'J^^ '^'"^ ^ ' ' "«nufactured by Fuji Hanto Co.) of two colors are 

CoTa^reSSSlfrrS*'"'' "«9««-«-tyPe f*^otosensitive resin B (C^'tooi manufactured^ FTimo 

Co.) IS applied thereon by using a spin coater or a roll coater and is pre-baked Then the class substrate ifii^^UTc^ 

Sine ^ ar^rr "\ ' ^'"'r^ ^ ^'^^^ °* fr^Se ba* sfrfL S deieiXt 

using an alkali developing soluton (CD manufactured by Fuji Hanto Co.). and is post-baked in an oven heatS alSTo-C 

Z^'^nZ ^r^''-^" '"^ ^"^^ and. then, a vertical alignment^lm is foled^ is rel^^^^ J 
formed on the portons other than the portons where the CF resins R arS G are formed The CF rSns'aTe n^^ tonSjS 

Hgrmrbetr^r"^^^""'^'^"^^^^^^^ 

25 inlhtlSh «f ® ^* °* sti'^ing the two pieces of substrates toqether 

shielding layer maintaining a thickness of ah™* n i m c chromium is grown thereon as a light- 

ing layer'maintaininTa "rcl^rjsT^o j f 5 2n ^ s^ch a S^^^^^ ""'"""^ "fl^^t-shi'^d- 
is exposed to light through a pattern d^etopT^^TandTSiZ^ ^^ . spin coatng. and the light-shielding film 
light-shielding film 383 is co,^«i of^hrS^hl^^^it'^^i^^ peeled J^iereby to form the light-shielding film 383. The 
- ITO film 12 a'nd malS to ll^e^^res^tan^^^^^^ " '^'^ "^"^ »° 

and the light-shielding film 383 m^t^J^o^ ^^^^^ substrate. The ITO fJm 12 

is fom,ed. and the suLrate is ^^alL^s waSL^oS m/^'"' ° *?f ^r"^'°"«' '"«'^«'. film 12 

the ITO film 12 and the chromUim SfrS Je^ninul^ """"" ^"^"^"^ to the 51th embodiment. 

Of washing and. hence. tosi^J^tle?irreX?o^^^ 
^0 inasmallsize. device is required, and the apparatus 

and the ITO film 12 and the light-sWewJ^i^S arl foli^ in ? ^""^^^ °' '''^ ^F resins, 

like in the eighth embodimem eLp,ain^"i^^^ '^'"^ 39R and 39G are fomied 

5 of about 1 .5 Mm. and the subsSie is ea)os«^ to SJlL * T J^l *^ ^ " ^^'^ maintaining a thickness 
face. Then, the ITOfilm 12 a^te I^SlSmST^^^^ ' 
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f,^ Hi! P°^" a decreased reflection factor, and light falling on the liquid crystal display device 

htT. IT 'll" '^'^^ Furthermore, when a colored resin having a small tmnLssWn fac^Hs us«^as 
^ ^nl .1' ""^'^ light-shielding film 383. the light-shielding portioS exhibits a direS^ t7a^mrs^o^fac 
tor. enabling the contrast of the liquid crystal display device to be enhanced, iransmiss.on fac 

In the structure of Fig. 190B, furthermore, the CF resin 34B is formed requiring no patterning Therefore there is 
no ne«l to "se an «p^ure apparatus which is capable of effecting the patSning and? «peSivr«r!SS,Xy 
and the investment for the facilities can be decreased and the cost can be decreased too ^ ^ correspondingly, 
n* JJW '^^,'^.'^9'^'" "'I's'rating a modified example of the 51st embodiment. Spacer for controliing the thickness 

^r^y^^^eSJ^^^^ 

Slh^Jr^^a^pSe^r:^^^ 

As described in the 47th embodiment. CF films are formed on a CF substrate the CF substrate is coated with f la. 

formic;: ? =° ^"^"^ '"^^^'^ ^'"-^ flai aL an S?^e o" n^TO f^^^^^ 

formed thereon. In some cases, the suriace flatting step is omitted in order to sim^ify the pr-SS T^e C? siSi^tT ^ 
which the surface netting step is not performed is called a CF substrate with no toS^2«t ^iTcTsu^rate w^no ,^ 

■ 'n^olT^^u^lT^^^^^^^ -•-iai infatrates 

light-shielding filmsTlhe jSrJso^s 39?^^ J^^^^^^^^ f ° ^'^ "^"""^ * corresponding to the 

the protrusions 20A of the J^^TuSe °* P^°^"^°"^ ^P^^te as 

Exa^resr^^il^^^^^^^^^^^^ -n.on ^e been descrfbed so far. 

tion.'^d;t^^5rsTd^grs?i^^^^^ 

has a display surface li?TrS ^ "^"^ '''^ ^ "^^^-^^'V^tal panel 100 

=t-r.x-j£=^^ 

therefore inclXl By detSg TeS of S Zch ISt^ ""L"" ""^ ^^^"9 « "y 45- is 

for the Sideways display or for tSe lenSisl JiLITv^r^ ? 1 w "^"^ °^ '° ^^'^ ^^P'^^ is carried out 

display data is read from a frame tl^tr^l Z^yT^'Zl^^T^^^ ^fT'? ^ ^^'^"^ 
The description of the technology will be omitteT technology is well-known. 

abovt;:^^^,tb^'^b^'"sillLVa "^^^^ r ^'^^"^^'"^ ^^^^-^ - adapted to the 

large d^y Je^^^^s S^e ar^^Ti^fe^ ^.T'' r ""^ ^ ^' ^^-^ - 

gets so terge that the margLTpart^mes Sar^fJ .1^1! viewing angle relative to a marginal part of the screen 
tion is implemented mak^ Ki^S^^^l ^ iKJuid crystal display in which the present inven- 

of gray-scale reversal. In the p^u" slSv^nT Fin K^^^ ^ T'^ ^* ^ ^'^^ "'^"^ ^^^^ occurrence 
me product shown in Fig. 194. a viewing angle relative to a longer marginal part of the display 
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screen becomes large^ It has therefore been impossible to adapt a liquid crystal display to this kind of product. The iiq- 
uo crystal display o» the present invention permitting a large viewing angle can be adapted to the product 
HiwiwIIllf*^^'* emiwdiments provide liquid crystal displays in each of which the orientation of a liquid crystal is 
dn/ided for dividing each domain of the liquid crystal mainly into four regions whose azimuths are mutually different in 

K ? """'^JO^ -mainly into two regions whose azimuths are mutuafly different in increments of 90- 
Lh^w w t ri'" '^-^^^ *° applications of the present invention. When the orientation of a liquid aystal 

II S^pS. °* '^''^ ^'"^ ^'"^^ '""hially different in i^e- 

ments of 90 . a good viewing angle characteristic can be exhibited in almost all directions To whichever directions the 
10 onentmjon .s set. no ^blem occurs in partioilar. For example, when the pattern of protrusi^^sh^ ^^1^^ i^ 
arranged as shown in Fig. 196A relative to a screen, a viewing angle at which display Appears welMs S^or rSetom 
T"^ T l^fl'^"^'^^- Even after the screen is turned and the pattern oTprSons is arranged aslsfrj^ 
on the right side of Rg. 1 96A, no problem occurs in particular. arrangeo as idustrated 

« orientation of a liquid crystal is divided for dividing each domain thereof into two regions 

1? n!f'T "^"^'^ ^'^'"9 ^aracterisSc will be improved r^aive tTthe^^c 

2S^n^.;^S. ^1°"'"*'''°'; ''"''"^ ^" ^^'y '"""•^ toTirections different frlm S; 

dir«*ons by 90'. When a nearly equal viewing angle characteristic is requested to be exhibited in both lateral a^ver 
*cal direcor^. a pattern of protrusions should preferably be. as shown in Rg. 196B, run in7n obTqul So^ ^a 



screen. 

20 



Next, a process of manufacturing a liquid crystal display in accordance with the present invention will be described 
In general, the process of manufacturing a liquid crystal panel comprises, as descrilL in Fig. ^TaTep i17^: 

S.T" "T"' " ^ layer by a^ly * f^n^^s 

Tri^i^^ ^^^a^y 3 step 505 of applying a protective fflm, a step 506 of forSg pixe!?ec*rX 

25 '""'T^ components which are carried out in that order. For forming inSil^ng p™ trS^rS 

25 step 506 Of forming pixel elements is succeeded by a step 507 of forming protrusions protrusions, the 

the ^HSTsi'stlVrs^T**''^^^ '^'P ""^'^ ^ 5' ' °* ^PPlyi^S « « step of pre-baWng 

Z ^-'-^ - ^^-^ ^ ~« - -ed t^o have a J^^. 

bondrwiiri^srib^x^s^^^^^^^^ 

formed, it takes much m^^^Se^nS L Sd cry^S 7^2TJ^ ' S"* "^"'^"^""^ 
injecting the liquid crystal as much as jSsWe '"^"'''"^ *° '^"^^ 

^1- be'orS'eJ. 'An'Sn^S^n^^^Tf^^^^^^^ 't' -^^^ 7"*°" ^« ^ «^ ^--«"s 

.5 a liquid crystal is supSSS^3aSd<4te?^^^^^ ^ °' ^ liquid-crystal panel 100. and 

61 8 is connected toTll^Z^^^t^^n ^'Tl ^"^ pressurizer tank 614. Concun-ently. an exhaust connector 
uum pump 620 for die^tTon^ tS a fi^S^^^ ••quid-crystal panel 100 is reduced using a vac- 

exhaust p rt is separated f^ ^ X a^icZSCei g ' ""^"^^ 
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™rJlL*i,M!'^ ^ *® P««^"sio"s 20 are linear and running in a direction 

1°"^- ^"^^ °* '">^°" to™ed on a short side of the panel ver- 

tical to the protrusions 20. while the exhaust ports 103 are formed on the other short side thereof opposite tbthe side 
on whch the .njecton port 102 is formed. Ukewise. as shown in Figs. 201 A and 201 B. when the proSsions 20 areVn 
5 ear andrunning ,n a direction parallel to the short side of the panel 100. preferataly. the liquid-cry^l injection p^rt 102 
.sformedononelong side of the panel vertical to the protrusions 20.and the exhaust pori^ioa 
^^V^ l'^^ '° °" is formed. Maeover. as shown in Rgs. 202A 

th^Su^irf 20 are zigzagged, the liquid-crystal injection port 102 is preferably formed on a side of 

the panel vert.,al to a direchon m which the protrusions 20 are extending. As shown in Figs. 203A and 203A the 
^h^aust ports 103 are preferably fom,ed on a sde of the panel opposite to the side on which the injection ,^Jt ^02 is 

tal iS^rflJS^r °* ^ *" the liquid crystal. Once foams are mixed in a liquid crys- 

tal. imperfect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are employed when 
"o^'.'tege.sappI.ed.blackdisplayappears.Eveniffoamsaremixed 

.'T ■r'^«'"«'"9°f*<«-«cannotthereforebediscovereSinthfestate.T^^^^^^ 
trodes so that white deplay will appear When black display does not appear in any area it is Sm^LVno fa^ 
has mixed in the liquid crystal. However, since there is no electrode ne^the liqu^irySai in Z^^e^ 7to^ 
are mixed in a portion of the liquid crystal near the liquid-crystal injection 

'"J"^ ^""^ °* '"^'^ « toa-^ be dispersed to deterSSav^t^ 

?o ity. Eventhefoamsneartheinjectionportmustthereforebediscovered. In a liquid cTys^MiX^ ThTpre^^^^^^^ 

and the black matrices 34 so that mixing of foams in this portion of a liquid crystal can be detected 

As explained above, the VA system liquid crystal display device using the domain regulatina means such as th^ 

•5 factu ing process can be drastically reduced, and a part of the washing process can be omitted Howev^ i,rn«™Z 
aJ?;?. T^lr^^ contamina^on resistance to organic ^terX^^cul^l^ ^^^^^^^^^^ 

resm and the stan. than the positive type liquid crystal that is ordinarily used, and involves the woLe^ tha^S! 
defe«_occurs.T.isdisplaydefectpresumat.yresultsfromthedrop.ofthUecii^ 
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defert ^afJolTS^th"'" *° °' polyurethane resin and the skin causes this display 

^ 2t^t?ates 16 i^^^^^ T^"" P^"^- '^^^^ ^^rt*"' ««9nment film is formed on^e 

alent circuit of the liquid avstal oixel shown in Fin ^no k ^^"'"'f °" °* frequency dependence of an equiv- 
N«,. a«« ph.„^ „,«„n, is chanlea «o me ,lq„K, c,^, , »a« is lor ,0 secor* a« «,e 
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liquid crystal is thereafter left standing so as to measure the specific resistance of the supernatant, (t is found out from 

*® '^^OPS drastically when the mixing quantity of the polyurethane resin is about 

1/1000 in terms of a molar ratio. 

It is concluded from the explanation described above that non-uniform display does not occur at the level at which 
5 the mixing quantity of the polyurethane and the skin is not greater than 1/1 000 in terms of the molar ratio 

™„i jr?J"*°? "!'^ according to the present invention in which directions of alignment of liquid crystalline 
mo ecules are djvKled by the domain regulating means have been described so far. As already described, it is known 
that optical retardation film are available for improving the view angle performance. Next, embodiments regarding char- 
actenstics arid arran^ments of the retardation films will be described. The LCD panels of these embodimente have 

S'^Z' -ST ^T^^- ^ P^"'' °^ «"9"'^«"t °< crystalline molecules 

are divided into four areas in each pixel. 

• ^TJ^ll^ a diagram showing a constitution of a prior art VA LCD. A space formed between two electroded 12 13 
IS sea ed wji a liquid crystal material. Thus a liquid crystal panel is completed. As shown in Fig. 210. a first polarizing 
plate 1 1 and a second polarizing plate 15 are arranged at both sides of the panel, m the VA [cD. ^ertica S^nmerS 
•''"^^^^"^edontheelectrodesandtheliquidcrystalhasnegatK.ed^^^^^^ 

K ? ^ ""^ ''^^'^ ^^'^'^ ^SO degrees. Further, the rubbing directions inter- 

sects wrth the absorption axis of the polarizing plates. Namely, the VA LVD panel is that shown in Figs. 7A to 7C Fio 

f n IhT^I!°^.?.T* 'I'h ''^ ""^"^ ^"9'" ^''"^ ^ever^l occursduring 

,n ^" ^"^'"9 operation in such a case. From these results, contrasts at directions of 0- 90' 180° 

20 and 270» are low and the gray-scale reversal occurs in wide view-angle s or u . yu . leo 

formS ^ constitution of a VA mode LCD device in which protrusion patterns as illustrated in Fig. 54 are 

Fig 214 shows iso-contrast curves in the case of the LCD device shown in Fig. 213. Further Fig 215 shows view- 

.5 cTsf^? ^.Tr* : r ^-^^'^ ^^^^ ^^^"^ ^^"""9 eight-graP-scale-level driving oieraSTinTe 

c««o «^ys»ald^tey device. These figures reveal that although the gray-scale reversal isTmproved in Z 

1^! as compared with the case of the conventional device of the VA (vertically aligned) type^he i™e 
ment on the grayscale reversal is insufficient and that the contrast is not improved very much 

Applicant of the present application disclosed in Japanese Patent Application No. 8-41926/1 996 and Japanese Pat- 

8-4^926/1996 that the vjewing angle characteristics of a liquid crystal display device of the VA type, on wNch the aligns 
ment division « performed by rubbing, are improved by providing an optical retaliation film (nanSly a pl«le dVffere^ 
film) therein. These Japanese Patent Applications, however, do not refer to the cases of perSmSg theSmert d^ 
sion by protrusions, depressions (or dents) or slits respectively provided in pixel electrodes ^ 
of J^tT* tol'owing, landitions for further improving the viewing angle characteristics of a liquid crystal display device 

sions or sirts provided in the pixel elearodes. by providing an optical retardation film Lain will be dicribi 
rinn r« ?■ °P*«=^'.;«'«^d*'°" ''I'" "sed in the device of the present inventton will be described hereinbelow by refer- 
nng to Fig 216 As illustrated in Fig. 216. let n, and n, designate dielectric oonstantes (or i^Xe^S^^v^^ 

oTSeSriftf^^^^^ 

Incidentally, an optical retardation film, in which the following relation holds: 
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Unf^Smm a'*"'''! "T"^^ *'"'^'" Hereunder, such a phase difference film will be referred to simply as a positive 
toTapiSel^gSr^J'SL^^ 

ference caused by the positive uniaxial film" indicates a phase difference caused i^ an S^la^e dirSon 
Moreover, a phase difference film, in which the following relation holds: 

has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a phase difference 
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Wm wfll be referred to simply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through the negative uniaxial film, the following phase difference R is caused in the direction of the thickness thereof 
H = ((n , + n y)/2 - n ,)d . Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase drt- 
ference caused in the direction of the thickness thereof. 

5 Furthermore, a phase difference film, in which the following relation holds: n, > n. > n,. has (optical) biaxiality. Here- 
under such a phase difference film will be referred to simply as abiaxial film, in iisi^. nAZ Therefore frie Li 
extending in the x^rection is referred to as the phase lag axis. Let d designate the thicknes^ oT the film. When light 
^sses through this posrtive uniaxial film, the following phase difference R is caused in an inplane direction- 

nrZ!2' ' "i^iT T^^:"^^"^^- ''"^«^'*^«P»'«"^'«erenceRcausedinthedirectionofthethicknessthereofis 
10 predetermrned by the following equation: 

R = ((nj, + ny)/2-n,)d. 

15 preseS iL'nti.^.'"^^'^'" ^^""^ constitution of a liquid crystal display device which is a 52th embodiment of the 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are formed on the lio- 
uid-crystel-side surface of CF (Color Filter) substrate that is one of substrates 91 Z 92. Fur^erTFT^ltiente tS 
^^91 aS S^^""" °" liquid-crystal-SKle surface of TFT substrate tha^s me ^he^^^^^^^ 

r=i 'sfo""ed on the liquid-crystal-side surfaces of the substrates 91 and 92 by applying a vert- 

t^l nhT T ^ "^'^ ^ "«terial at 180-C. SubsS«T a pS- 
S f ' ^""^ P^'^'^S^ ««9"n^«nt film thro^h^n c^Z 

Then a profusion pattern shown in Fig. 54 is formed by perfomiing prebaking. exposure and postbaking 

.5 wIStK^Tf ' ""^ ^ ^^"^ ^^Gther through a spacer having a dieter of 3 5 F^Lr a space 
aSSs^m'^etr^'^^'^''^^'^^^^''^^^^^^ 

is cnTJ^Z^T^ r ''^^^ ''''P'^*' '^^''^^^ "^'"^ ^ 52th embodiment of the present invention 

IS constituted by placing a first polarizing plate 1 1 . a first positive uniaxial film 94. two substrates 91 and 92 

SSar^TpSa'^ 
spJjg^tht^^ 

trat^ in Fig. 223. the angle, a. whichVe'c^STr s 1o! rs n^l^^n' "sg^lhl^ ^^^^^ Tif 
conditions or requirements: - =» "wi less man wnen Hq and meet the following 
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^450nm-Ro.Ro-250nm^R, ^ Rq +250 nm, O^R^ andO^R,. 
Add^on^l, the retardation An • d caused in a liquid crystal was changed v^thin a piratical range. Moreover, the 
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twist angle was changed within a range of 0 to 90». Similarly, the optimum conditions for Ro and R, were obtained As 
a r^ult. tt was ascertained that the optimum conditions were the same as the aforementioned requirements even in 

SUCn C3S6S. 

Fig 221 is a diagram showing the constitution of a liquid crystal display device whidi is a 53rd embodiment of the 
Z^tl'T T 1^ is different from the 52nd embodiment in that two positive uniaxial films, namely 

ftrst and second posrtwe uniaxial films 94 are placed between the first polarizing plate 11 and the liquid crystal panel 
ttiat the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
teg ajns of the second positive uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

P^: iso-contrast curves in the case that the phase differences Ro and R, respectively corresponding to 

the firet ar^second pos-tve uniaxial films 61 of the 52nd embodiment are set at 1 10 nm and 270 nm. respeclively Fur- 
Fig. 223 shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-grayscale- 

^1T!^^^!'^T T If ^ Figs- 21 4 and 21 5. a range inShich high 
contra^ is obtained, is enlarged extensively Moreover, the range, in which the grayscale reversal occurs is oreativ 
15 reduced. Consequently, the viewing angle characteristics are considerably improml ^ 
Fig. 224 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 

s milarly^ in the case of the 52th embodiment. The viewing angle characteristics shown in Fig. 224 are the sLme as 

20 nlS R a,^"R 'lt?T'<.' '""T ^* '^'^ '^'^ '^ '0. in terms ofc^rd' 

ml tho ' ^' ''^''^ "^"^ ""^^ 10. is not less than 39<> when Ro and R, 

meet the following conditons or requirements: ^ ^ 
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R 1 ^ - Bq/Z + 800 nm. O^Rq and OsR , . 
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in r opt"""'" "^'^rt^ns were the same as the aforementioned requirements even 

rhrnn!^ ■ T'T'^' embodiment, the retartation An -d caused in a?,uid cry^alt^s 

changed wittiin a practcal range and where, moreover, the twist angle was changed within a range of 0 to S» 
present iSer^on constitution of a liquid crystal display device which is a 54th embodiment of the 

the lilul ^^r""!^ «"bodiment in that the first negative uniaxial film 95 is placed between 

feren'^ita^^Tri^^^^ 

iment. The viewing angle characteristics shown in Fig. 226 are the same ^ ti^pTz^ ^r^J^l Ji I 

graph showing angles, at which the contrast ratio is 10 in terms rt cwrSls R fSrf^ ^'^J^^^^by a contour 

an,e,a.whichthecontrastratioislO,isnot,ess.an39ow?eTRol^^^^^^^^ 

R 0 + R 1 ^ 500 nm. 

rever^risSrySS'^^SS^^ 



R 0 + R 7 ^ 345 nm. 
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the T ^ 54th embodiment, the relation between An -d caused in a liquid aystal (display) cell and 

.. u ^ >*«s studied by changing the retardation An • d within a practical range Fig 229 

illusftate results of this study. This reveals that the upper limit to the optimal condition is nearly constant independent of 
An . d caused ,n the liquid crystal cell and that the optimum condition for a sum of the phase differenci^rSSl?y 
5 corresponding to the phase difference films is not more than 350 nm. erences respectively 

r«,plli?«n!?lf !!! ^"i'^' "^"^ ™* *«" 50». Further, in view of the gray-scale 

r^n^Hi^l * """'^ " ^^^"^^ that a sum Of the phase differences respertiv^ y cor- 

responding to the phase difference films is not less than 30 nm but is not more than 270 nm 

tK ^ "P**"^' twist angle in a range of 0 to 90" it is found 

10 that the optimum condition was the same as the aforementioned requirement ^u.ntsiouna 
f ii^ct^ enibodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
Tentton °" ''^"^ '^^^ 

r5 uniax'ial fflSSTttifSrp^"^^^^ '^"^ P*^^ corresponding to one of the negative 

whS^!,I f embodiment is set at 200 nm. Further. Fig. 231 shows viewing angle regions in each of 

which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a case Si o JoSfrnm 
the comparison with 214 and 21 5. a range, in which high contrast is obtained, is e"terge?Se^ i^er^^^^^^ 

fiimc^S5 *° ^ e'^i'^ents of the present invention uses the combination of positive and negative uniaxial 
25 stitutions Of the fifth to seventh embodiments have (advantageous) effects uiwtmecon 

presS i^ention.'""^'" °' " '^'^'^ '^^''^^ -^''^'^ « 56th embodiment of me 

The 56th embodiment differs from the 52th embodiment in that a negative uniaxial film 95 is usprt =nrt n.o^«>H 
30 S""" plate 1 1 instead of tfe firat^Svll Jal ilmlJ ' • 

Fine; 2>iA anH 9ic; ^ • ju- i_ . wpciauwii III 5,ucn a case. AS IS Obvious from the comparison with 

» iaics .re comictereM, improJed ' O""*!'"/. Ihe vfewng angle dwacler- 

55 between the liquid crystalMnel a«l thVfSilJr 

this negative sTanL meS j£^^^^ VLf ' ^ P'^'^ '>^««" 
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r.!o^f2l* ^'S^JUl*'^ P^*" ^ '^''^^^ °» «he negative uniaxial film 95 are 

set at 150 nm m the 58th embodiment. Further. Fig. 242 sh(MS viewing angle regions, in each of which grayscale inver- 
IZ hTI ^" «9^^-9^«y-s<»'e-'e>'el driving operation In such a case. As is obvious from the comparison with 

„ V ^"f ■ ^ T^^' ""^^ *^ «"'«^9«* extensively. Moreover, the range, in which 

' Z^?^^ ' Consequently, the viewing angle characteristics are (iriskleraWy 

J^^u M ^VT^ °* embodiment, the optimal condition for the contrast was studied. Fig. 243 shows results 

of this study, wh.* reveal that the optimum condrtion indicated by Fig. 243 was the same as illustrated in F^S 
preseS i^rl^on ^^'"^ constitution of a liquid crystal display device which is an 59th embodiment of the 

con Jri^r!^?^"* ^ ^"^ embodiment in that a phase difference film 96. whose inplane dielectric 

constantes n, and and dielectric constant n, in the direction of thickness thereof have the following Elation- n n > 

TeCSf 'T:'^^ ^ «^ Po'an-ins P'ate 1 1 and that a posifive S,^^xi^?i:''"9j''is 
^ ^ 'T"* ^"^ ^^'^'"3 P'ate 15. The pSse difference film 96 is 

anglS. ' "^"""^ '"'"""^ °' first polarmng plate n at^fg^rt 

Fig. 245 shows iso-contrast cun/es in the case that the x-axis is employed as the ohase laa axis of th» nhac^ hi, 
LT.S" ""^^^"^ > ""^ ^^^^^''^ inpTSie'direc^irn in'me s^^^^^^ t 

mem FuTthe'r^^^^^^^ '^'^r ^ ^"^ '^-^^^V' •t'e 5^ em"2<S- 

^2 il 1,^ ^" ^^'"3 ^"3'® grayscale inversion occurs during an eioht-arav- 

scale-level driving operation in such a case. As ^ obvious from the comparison with Figs. 214 aJJ 2ira ranoe fn 

iCa y erurrc;:^^^^^^^ '-"^r^j- »^ ^^y^^^ vje^z:. 

IS great^ Consequently, the viewing angle characteristics are considerably improved 

Incidentally, quantities and Ry^ are defined as follows: R = fn - n )d • and R - n »h i„«k 
the 59th embodiment, the opITmal co^^ition for the contrast (ratorwar^ucT^Vchangrng'tf^^^^^^^^ 
in various ways. Fig. 247 shows the found optimal condition for the contrast. The S^ <^Z^t^^ni,i 
was the same as the aforementioned condition (of Rg. 220). except that Ro and R, correspSS to R l^ R ^Lec 

- 250 nm < Ry^ < R^^ + 150 nm. 
'^yz -"^xz + ^OOOnm, 
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(n X - " y)d = R^^ - R ... (in the case that ^ n y); 
= (n y - "x)^ = Ryz • Rx2 (in the case that Ry ^ n^); 
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Ryz = ((n, + ny)/2 . n,)d = (R^^ - n^)/2. 
Therefore, the optimal conditions for R„ and Ry, are written as follows: 

Ro^SOnm, R^^SOO nm. 

Pha« Bg axis ""^"^ «m is placM so ma. 
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tion An -d caused in a liquid crystal cell. In contrast, the phase difference in the direction of thickness depends on the 
retardaton An • d caused in a liquid crystal cell: Fig. 248 shows the results of the study on the relation between the retar- 
daton An - d caused in a liquid crystal cell and the upper limit to the optimal range of the phase difference In the direc- 
tK)n of thickness of the film. Let Rlc denote An -d caused in the liquid crystal. Consequently, it is concluded that the 
optimum value .n the optimal condition for the phase difference in the direction of thickness of the phase difference film 
IS not more than (l .IxR^q + 50) nm. 

Incidentally, the optimal condition in the case of a configuration, in which a plurality of phase difference films 96 
were placed «i at least one of spaces termed between the liquid crystal panel and one of the first polarizing plate 1 1 
and the second polarizing plate 15. which were provided at one or both of sides of the liquid crystal panel, and between 
ttie l^uid crysta^ panel and the other thereof was studied similarly. As a result, it was found that the optimum condition 
was me case where the phase difference in the inplane direction of each of the phase difference films 96 was not more 

l^S mo« f n* ^ ^"^f "^"^^ differences in the direction of thickness of the phase difference films 96 was 
not more than (1 .7xRlc + 50) nm. 

w.. SlT^^L^f ^J^^'* '^"'^il'^ *® "^"^ ^'""^^y ^ ^ ♦«'St angle in a range of 0 to 90». it 

was found that the optmum condition was the same as the aforementioned requirement 
A positive uniaxial film 



(n, ) riy = n,), 

20 

a negative uniaxial film 
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(n. = > n,) 

and^a biaxial film (n, > > nj are employed as the film 96. Namely, a single or a combnation of such films may be 



In the foregoing description, there has been described the optimal conditions for the ohase difference film in tho 

t^Tn^T^ ""^T^ P^"' "^^^^ °* P«*rming thTalignmem ^vSon 

sLr^orSoT" " """^ ^'^"^ Characteristics L be Sn^TJ^nZ 
Further, in the present specification, the polarizing plates have been described as ideal ones Therefore it is obvi 
nmf. ^ ' TT' '^'"^^ence in the direction of thickness of S fl s uLi^^^ 

Srl^r ^ ^ f.lm (namely, TAG (cellulose triacetate) film) protecting a polarizer should be sylS S^t^Sie 
phase difference caused by the phase difference film of the present invention synmesizea with the 

Namely, the provision of the phase difference film may be omitted aoDarentlv bv makinr. tat rii™, *k 

ripJI.lf??^'"'®"*^'" "^'^ P'^^"* '5 ^'"P'emented in a TFT liquid crystal display have been 

described. The present invention can also be implemented in liquid crystal displays of oth^ h^s S La^p *2 
present invention can be implemented in a MOSFET LCD of a reflection tvoe bJ^nat JL^^Sr^!' ' ® 

can be 'mpjemented in not only a transmission type LCD but also a reflection type or plasma-addressinrtvoeTcS 
An ex^ngTN LCD has a problem that it can cover only a narrow range oTSewing an^^ 
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Claims 

1 . A liquid crystal display device comprising: a first substrate and a second substrate processed for vertcal alignment 
and aliquid crystal having a negative dielectric constant anisotropy and being sandwiched between said first and' 
second substrates; orientations of said liquid crystal being vertical to said first and second substrates when no volt- 
age being applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
applied and being oblique to said first and second substrates when an intermediate voltage lower than the prede- 
termined voltage being applied, 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 
of said liquid crystal; 

said first domain regulating means comprising a first structure for partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

"'henein the liquid crystal in the proximity of said indined surfaces being vertically oriented to said 
inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 
face beii^ determined according to the azimuths of said liquid crystel in the proximity of said inclined surface 
when said intermediate voltage being applied. 



75 



3. 



ftr^^lf^'^L^^^^^^ ^"^"^'"^ *° "^^'"^ ^' protrusions are made of dielectric materials on a 

tirst electrode of said first substrate. 



25. 4. 



5. 
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A liquid crystal display device according to claim 2. wherein pixel electrodes are formed on said second substrate 

nSm n'L T"^^ ^"^ ^'"^ P^otTusions are arranged in parallel to one another with a pre- 

determined pitch among them. 

MS"? "i^'*^ "^'^ according to claim 4. wherein said predetermined pitch is equal to an arrangement 

tons facing to centers of said pixel electrodes. *^ 

A liquid crystal display device according to daim 2. wherein pixel electrodes are formed on said second substrate 



'° "^^"^ ^^^^^ ^eP^--- depressed 

40 8. A liquid crystal display device according to daim 7. wherein said depressions are provided under a first electrode 

9. A liquid crystel display device according to claim 7. wherein a first electrode of said first substrate inciuriP* cine 
« operating as.domain regufating means, said depressions and said slits are mutual; arrL^S 

^ °' itlTS "^f^^ *° '^^'"^ ' ■ «^st structure indudes protrusions projected to a 

layer of said liquid crystel and depressions depressed from said layer of said liquid crystel. 

"•aMred^Crarr:;r^^^^^^^ 

5(S"1^' om?ptr"' Claim 1. M^ereln area of sa« inclined surfaces in each pixel is less than 
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^llSno ^'^I'"^ *° ''•^"^ ' • ^^'^^ ^^'^ «"^^«ing second domain reg- 

ulating means for regulating azimuths of the oblique orientations of said liquid crystel; ^ ^ 
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14. A Iquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure tor partially changing a contact surface between said second sutjstrate and said liquid crystal to 
inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

15. A liqu^ crystal display device according to claim 13, wherein said second domain regulating means comprises a 
second structure tor partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include depressions depressed from a layer of said liquid 

crysioi. 

16. A liquid cnrstel display device according to claim 13. wherein said second dorrain regulating means comprises a 
second structure tor partially changing a contact surface between said second substrate and said liquid crystal to 
TrS'^ !f " "'^ ^"^ structures includes protrusions projected to a layer of said liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

17. A liquid "l^'fjplay device according to claim 13, wherein said seconddomain regulating means is sWs provided 
LiJ iSr^T ^"^ ^ ^"^ ''"^"^^^ protrusions projected to a layer of 

fayer T^^^TylSl ^^'^^ ^ ^"^'^ '""^^ "^'^^^ '^^^^^ « 

19. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 

se«,nd structure for partially changing a contact surface between said second substrate anS said liquiS?i^'?to 

25 inclined surfaces, and sakl f^st and second stmctures respectively include a pair of protrusioS and dl^eSs 
depressed from a layer of said liquid crystal. h "uu».uii!, ana aepressions 

20. A liquid crystal display device according to claim 19, wherein said protrusions and depressions on each substrate 
are mutuaHy arranged in parallel with pitches of one and three, said protmsions and dep^ons o^^d f iS 

30 second substrates are arranged in parallel to each other and are arranged so that said prSrSTs and d^Sio^ 
Sor' "^"^ "^'"^"^ *° Pitch, and protrusions and depressions of diff^nt substrSS re£Sy 
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21. A hquid crystal display device according to daim 13, wherein said first structure includes depressions deoressed 
from a layer of said liquid crystal, a first electrode of said first substrate includes slrt^ «5 sZ^^Z^^^u^ 
|ng means comprises a second structure including depr^ions depressed from a laylr JSd liqu^rysS a^ 
slits provided on a second electrode of said second substHte. " s.a.a ..quia cryso ana 

22. A lk,uid crystal display device according to claim 21. wherein said depressions and slits on each substrate are 
m^ually arranged in parallel with pitches of one and three, sakJ depressions and slits of said f irJand seSS 
strates are arranged ,n parallel to each other and are arranged so that said depressions a^ sliJfaS ^^sLc^ 
corresponding to large pitch, and protrusions and depressions of different substrates r^Tc^^y neXr 

^^^^^^^ 

27. Aliquidcrystaldisplay device accoiding to daim 23, wherein saidfirstandsecond structures 
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tey» • l-iSM Of said c™i™«ons fram . desirable INcknKe ol said lUl o,«al 

?3 li^lf^fi '".J ^ t-a^apartaesizadlswxrtionwhose standani daJi, Is o . » 

0.3 micnmBeis. and aaKi space™ are dispensed V* a denat/ of 3G0 partdes per square rtllmeter. 

'T^"' ^ ■>"» " a« firet and serarO s»iK*res. which is oo a 

nessotalayerolsaiSliqlS^X^ "''"'^'•"•'"'^ I' 
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60. A liquid crystal display device according to daim 23. wtierein said first and second structures includes protrusions 
projected to a layer of saa liquid crystal, a sum of height of said protrusions of said first and height of said protru- 
sions of said second structures is equal to a desirable thickness of a layer of said liquid crystal. 

orSlT^' '^'^^J 1'^'^^ ^""''^'"S *° ^ regulating means includes slits 

provided on a second electrode of said second substrate. » 

62. A liquid crystal display device according to claim 61. wherein said second electrode consists of pixel electrodes 
and each p«^electrode comprises partial electrodes divided by said slits and electrical connection portions elec- 
trically connecting said partial electrodes, "-aeiec 

63. A liquid crystal display device according to claim 62. wherein said electrical connection portions are arranged at 
perimeter of said pixel electrode. i ««>e arrangea at 

tCiSrSSo? SrtoJ''" *° ""^"""^ "^^ ""^"^ ^ a part of said elec- 

i^^l hiS S'^^ f '° ^«9"'a»*"9 means includes pro- 

trusions higher than surfaces of said pixel electrodes and arranged inside said slits. 

^r'if f ^'^^ ""r""^ '^'^''^ '° "'^ «»^"««"re is an aray of protrusions (banks) 

^nSr Sra^JT""^ "t"""^ ^^P^BS^^orrs are arr^^ in paralle to mi 

nrTl« P^«le^erm.ned prtch among them, second domain regulating means includes an array erf protrijsims 
onf Tnnthi r "J ""l' d^P^essions or slits are anang^ in ^ralfeUo 

Ji'^w!^ crystal display device according to claim 13, wherein said first structure is a pair of arrays of protrusions 
banks) or depressions (grooves) each extending straightly. said protrusions or depresstore 
S ' ^^'^ second domain regulating mear^ ncTJeTfS of'^^^^^ 

°^ eac^' «t«nding straightly said protrusions, depressions or slite S arr^naS 
LT. o I.?cT ' P^"^^^^^'"'"^^ Prt'^'^ among them, directions in which said pr^Sns or Xe^ 

s^s^sK SLJrerrru^rs^^^^^^^^^ - ~ - 

l'!S n a«=°^*"9 to Claim 67. wherein said first structure includes protrusions said second 

T^Z S^ ^"^^'^'^ °' °' ^«s Of one Of said paL are mlX oS 

sXisio^sTrre.'"'-''"'^^^^^ 

"•g^rb^utiraCerer^^^^^^^ 
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74. A liquid crystal display device according to claim 71 . wherein a pattern of each pixel electrode is almost a square 
and pixel electrodes In adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to daim 74. wherein data bus lines extend in zigzag along with edges of 
s said pixel electrodes. ^C5>wi 

76. A l^uid crystal display device according to claim 71 . wherein said predetermined pitah is an integral submultiple of 
said pixels. ^ 

'° ^' pSela^' '"^'^^ "^'''^ according to daim 76. wherein said predetermined cyde is an integral subniiltiple of 

78. A liquid aystel display device according to any one of claims 66. 67 or 71 . wherein said first structure indudes pro- 
ll!^'°Jll, ^ ^^"^ '^"'^**"9 indudes protrusions or slits, said protrusions of said first structure 
piSi " °* ^ ^«9"'««"9 '"eans are offset by a half of said predetermined 

79. A Ijuid crystal display device accoiding to any one of claims 66. 67 or 71 . wherein said first structure indudes pro- 
ISt^S SSr'^ dornain regulating means indudes protrusions or slits, said protrusions of said first strudure 

S^Tr r ^ !? i"^"^ '"^^ frO'" « «tete in Which said protru 

sions or slits face, and said offset is fully smaller than said predetermined pitch. 

^pSp^lio^*12'^^^!f!l'" ^'^'^'^ *° ^ °* "^^^^ ®^ 7^ • "'S* strudure indudes 

f S hT. ^ ™'" '^^"'^""3 '""^"^^ depressions, said depressions of said first strudure 

and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81. A liquid crystal display device according to any one of claims 66, 67 or 71. wherein said first strudure indudes 
S^LTa'^ S "T"- '^°™'V«9"'««"9 -eludes protmsions or site, said 6eprJloTS ZIZ 
structure and said protrusions or slits of said second domain regulating means are an-ang^to face to each other 

82. A l^uid crystal display da/ice according to daim 1, wherein said first strudure indudes protrusions a liquid crystal 

sro^rsSi^^^^^ ^ "^"^ " ^ ^ "^^^^^ «^ ^"'^ second Sa^s^rj 

located on a side of said device vertical to a direction in which said protrusions are extending. 
^' «iSnf.f^.f ^' 1?"^'' '^^^ ^° PO^te through which an air or liquid crystal is 

"tlnSC^^^^ 

^" ^^iS^f crystal display device according to claim-82, wherein an eledrode used to apply a voltage to said liouid 
crystal and having no relation to display is formed near said liquid crystal injedion port ^ 

ilSimon'^?' ^ "^^t* *° "^^"^ ''^st structure indudes protrusions formed with a 

fre7i::rof 'r^o^rsn^^^^^^^ -'"^-"^^ ™ 
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said protrusions are mutually arranged so that centers of respective rectangulars coincide to each other 
^' borstal display device according to claim 89. wherein said rectangulars are s.milar to said pixels, a maxi- 

cTra^LTer'oStir''''""^^^^ 

nJiSalZ^TLT^^T""^ ^"^'"^"^ *° «»^rising auxiliary domain regulating means arranged 

1 L« r ^'1^"^"^ ^'^^ ^ '"^^^O" fr"" tf'e direction of ori- 

entation regulation force by the electric field generated in a non-display region. 

92. A liquid crystal display device according to claim 91. wherein said auxiliary domain regulating means is arranged 
along a part and in the neighijorhood of an edge of said pixel. eans is arrangeo 

^iTi? '^'y^^Sfy '^^'^ to daim 23. wherein said first and second domain regulating means are 

etectrode is provded on said second electrode, and at the edges of each pixel electrode extending in pa/allel torj 
t^^ZZT" P^««^"«*°"« nearest to the pixel electrode insidtSS ptS S^e a^e 

Sorrdrs™"""'*'^^^''^'"^"^^^ 

""•s^sLidrerssetf^^^^^^ 

95. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 

ShTX^roSS^^^^^^^ 

bft^r; S»"L^ ^ T"^ "^^^ °* ♦''^ Of the pr<^tlc^« Te^ZvS 

between adjacent protrusions and the height of the protrusions are fixed in each pixel. 
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are ananged in parallel to one another with a predetermined second pitch among them. 

104. A liquid crystal display device according to daim 103, wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first anay of protrusions and said 
second array of protrusions or s/its, on either of said first or second substrate. 

105. A liquid crystal display device according to daim 104, wherein said additional protrusions or slhs have figures sim- 
ilar to the frames. 

106. A liquid crystal display device according to claim 103, wherein said first array of protrusions and said second an-ay 
of protrusions or slits are aossed at right angle when vertically seen to the substrates. 

107. A liquid crystal display device according to claim 1 03, wherein a sum of a thicknesses of said protrusion of said first 
an-ay and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of said liquid crys- 
tal, and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108. A liquid crystal display device according to daim 13. wherein said first structure indudes protrusions formed with a 
first two<limensional lattice, said second domain regulating means indudes protaisions or slits termed with a sec- 
ond two-dimensional lattice having same array pitches as those of said first two-dimensional lattice and said first 
and second two^imensional lattices are offset by half pitches of said array pitches. 

109. A liquid CTystal display device according to daim 108. wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermitten. 

110. A liquid CTystal display device according to daim 23, wherein said first and second structures include protrusions 
(banks) of dielectric materials each extending straightly in one direction, said protrusions are arranged in parallel 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. • 

111. A liquid crystal display device according to claim 1 10. wherein said dielectric materials forming said protrusions 
passes visual light. 

1 1 2. A liquid CTystal display device according to daim 1 10, wherein said protrusions of different substrates are arranged 
so that slopes of said protrusions on which no electrode is formed are nearer to each other. 

1 1 3. A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment" 
and a liquid CTystal having a negative anisotropic dielectric constant and being sandwidied between said first and 
secoiid sutetrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
hoi^ f^*'.^'"^ fi"-^'!^."^ »o said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
ofthe oblique orientations of said liquid crystal; 

saidfirstdormin regulating means indudes afiret array c)f protrusions (walls) eadiextending straightly in a first 
direction, said protrusions are arranged in parallel to one another with a predetermined first pitdi among them 

^1 '!.^ ^*'"^ ""^"^ ^ ^^'^ protrusions or slits each extending straighti; 

in a secorxS direction different from the first direction, said protrusions or slits are arranged in paraHel to one 
another with a predetermined second pitch among them. paraueiioone 

second array of proti-usions or slits, on either of said first or second substrate, 
^ter to mrSme?'''^^ "^"^^ '° ' ^ ^^^^^^ °^ '*9"res sim- 
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1 1 6. A liquid crystal display device aoconding to claim 1 1 3. wherein said first array of protrusions and said second array 
of protrusions or slits are aossed at right angle when vertcally seen to the sulistrates. 

1 1 7. A liquid crystal display device comprising: afirst substrate and a secorxl sut»trate processed for vertcal alignment 
and alKiuid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and' 
second sutetrates; onentations of said liquid crystal layer being vertcal to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
be^ng applied and being oblique to said first and second substrates when an intemiediate voltage lower than the 
predetermined voltage being applied, 

0 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientatons of said liquid crystal; » a uu« 

said first domain regulating means includes an anay of protrusions (banks) or depressions (grooves) or slits 
eadi extending in a direction and being bent in zigzag at intervals of a predetermined cycle, said protrusions 
or depressions are arranged in parallel to one another with a predetermined pitch among them 
sea)nd domain regulating means includes an array of protrusions or depressions or slits each extending in 
said direction and being bent in zigzag at intervals of said predetemiined cycle, said protrusions, depressions 
or slits are arranged in parallel to one another with said predetermined piteh among them. 

' '^'of Sif pS?' "^"^^^ "^^"^ ^"^'"^ '° ' Predetermined prtch is an integral submultiple 
' ' ^'of S^p^^' "^^^^ ^"^'"^ ^ ' ' ''• ^ predetermined cycle is an integml submultiple 

120. A lk,uid crystal display device according to claim 117. wherein said protrusions or depressions or slits of said first 
and secons substrates are offset by a half of said predetermined pitch. s or siiis or saw tirst 

121. A liquid crystal display device, characterized by comprising: 

bSf n*"!!^' ^ "^"'^ "^^^^ ^^'"9 « «>"s«ant anisotropy is sandwiched 

between two substrates, namely, upper and lower substrates on the surfaces of which a vertica7airmem 

«^en no voltage .s applied across said liquid crystal, and are nearly horizontal when a voltage is applied acSs 
saKl lK,uid crystal, and are nearly oblique when a voltage being less than a predetermined v^S iT^lS 
^^onfH ^^--^ r«g"'ating means consisting S one of or aloSmi^n^S 

Srr^H ^'^'r '"^ "^'""^ P'""^«^ °" « 0' at least one^said ^ sub- 

I ■ "^T. ' "^^^ ^^'"^ "^^^ '''^ Pr«*etemiined voltage is applied acmS saWliqud 
crystal, said liqud crystal is regulated so that the oblique alignment is caused in a pluSy of direSoS in e^ 

SrmShUli ^^^'"3 ^P*"^'^ '"P'^"® P*'^'*'^^ ""*«*a«*y- placed in at least one of spaces 

? on? ort^rof'^lfe Sil of^H^ °' '"^ ^ ^'"'^ P°'^"^'"fl P'«'««- ^ epS 

at^one^or both of the sides of sa,d l-quid crystal panel, and between said liqukl crystal panel and the oth" 

122.A liquid crystal display device, characterized by comprising 
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tions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polanzing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

123.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid aystal. and are nearly horizontal when a voltage is applied across 
said liquid aystal. and are nearly oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 

piX6l ', 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: 

a first phase difference film having optically inplane positive uniaxiality, placed between said liquid crystal panel 
and said fp-st polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof placed 
between said liquid crystal panel and said second polarizing plate. 

1 24.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a >Lcal aig^mem 
trea me|^.s performed, and in which orientations of sakJ liquid crystal ar^ 

™ "° ^''^ ^""^^ "^"'^ '^y^'^'- ^ "eariy horizontal when a voltage is 

applied acr^ said liquid crystal, and are nearly oblique when a voltage being less than a predeterminXl 
SoSn'for^^ "If liquid crystal, and in which domain regulating means consisting^of one of o^fcom 
binat^n of protrusions, depressions and slits formed in electrodes is provided on a suif«:e of at least one of 
said two subsfrate and in which, when a voltage being less than the predetermined «,ltage LppSaaoi 

in'aSS: " "° ^'"""'^ '"^ PlX of 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absoroBon axes 
thereof intersect vi«th each other at right angles; M«. c so inai aosorpnon axes 

lnT^*^r^?^T"^^ ^"^"^ '"P'^"^ uniaxiality. placed between said liquid crystal panel 

125.A liquid crystal display device, characterized by comprising: 

beiiei'STiStrs^^^^^ crystal having a negatK^e dielectric constant anisotropy is sandwiched 
oeNveen two substrates, namely, upper and lower substrates on the surfaces of which a vertical alionment 
^a^ent « perform^, and in which orientations of said liquid crystal are neariy vertical alignmenUo 
sfra^when no votege .s applied across said liquid aystal. and are nearij horizon^i^Xn a vX'^s 
S faS S^a^'^^^^^^^^ r T'^ « -«a9e beingLss than a pZIe^inS'i ' 

K.?.!l * ^ '"^"'^ ^'^ regulating means consisting of one of or a com 

b^^tjon of p^trusions. depressions and slits formed in electrons is provided on a surSTcJ a^ 2a^ o^^ 
said two substrate and in which, when a voltage being less than the predetem,ined vo^ ^^Saao^ 
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said liquid crystal, said liquid crystal is regulated so that the olslique alignment is caused in a plurality of direc- 
tons in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

P^^«« '""f *^aving optically inplane positive uniaxiality. placed between said liquid crystal panel 

and said ftr^polanang plate so that a phase lag axis thereof intersects with the absorption axis of saidf irst 
polarizing plate at right angles; and k » ui adiu ursi 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof placed 
between said liquid crystal panel and said first polarizing plate. " 

126.A liquid crystal display device, characterized by conprising: 

L'!i«„"t!!ri ^t'" "^^1 "^"'^ ^^"9 ^ "^♦^^ "^"^^^ ""^"t anisotropy is sandwiched 

l^JT "^"'y- "PP^' ^ ^''^'^^ °" oi which a vertical alignmem 

SSSlTrl"" H I ^-^ " ^."^ "^"^ ^ torizontal\^en a voltage Is 

applied ac OSS said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt 
biKL'^ " •^-''.crystal, and in which domain regulating meaSs consisting'af onTZf <^m 
^TZ K^f .*P'«^«'°"« site fomied in electrodes is provided on a surface of at least one of 
Z^JT '"J I*" "J'"'' " ^""^^ "^"3 '^^ predetermined voltage is apS^^ 

first and second fiolarizing plates placed at both sides of said liquid crystaJ panel so that absorption axes 
thereof intersect with each other at right angles- h« « max aosorpnon axes 

127.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 

IS^ H '^'^T- °"«"tations of said liquid crystal are nearly vertical alignmenTto^iSTS 

"° " ^'"^^ "^"''^ ^^ys'^'' ^"'^ "early horizon^l wZ f fs 

applied across said liquid crystal, and are nearly oblique when a voltage being less than a oredeterm1^2 vli 

I f S "^'^ '^^'^ ^'^ ^ voltage'being lesSan Jie JrSelJm inS vol' 

.^^a%ixrd^:So^ir^^^^^^ 

difference film having optically inplane positive uniaxiality. placed in at least one of spaces 

^ one or?nr„f?,f T " °' ^''^ P^^^zing plates. Sare pS 

at^one or both of the sdes of sa^ liquid crystal panel, and between said liquid 'crystal panef a^ tS^ht! 

1 28.A liquid crystal display device, characterized by comprising; 

beiieen STl^tr.^^^^^ """"^ " ""^ta"* «"*«rtropy is sandwiched 
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at least one of phase difference films each having optically negative uniaxiallty in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polanang plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

1 29.A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is apphed, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a votlage smaller than said predetermined voltage is applied, wherein one of said two pieces of color filter 
substrates comprises: ^ ^oui wiw nuei 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions- 
a transparent electrode formed on said color decomposition filters; and 
a light-shielding film formed at any position on said transparent electrode. 

^^^'t ^^it^T^^ '^^'^ negative-type liquid crystal is held between an upper and lower substrates 
Of Which the suriaces are vertically oriented, said liquid crystal is oriented neariy verSly wh^i^ votege is 

age srra^ler than sad predetermined voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1000. eiemenis or 

uri'iEl ni't? H^'^^ "^^^ ^''^ contamination element of the mixed poly- 

urethane or skin has an area smaller than 5 jim x by 5 fjni. = «bu Moiy 

1.^!Th 1 t*^""^'" ""^"^ ^° ^ ''^^^ said liquid crystals are oriented in a plu^aliS of 

aslant direction in each pixel when a voltage smaller than a predetermined voltSeTs applied. Xrisi;.g 

a step of forming a protrusion after electrodes have been formed on the surface of said substrate- 

l^^^J^^!^! '^ °" °' ^"'^^♦^ °" «te<*odes have been 

formed, of which the surface has been treated, and whi* includes said protrusion. 
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133. A process for producing a substrate for vertically oriented liquid crystal display according todaim 132 wherein run 
Sr^rtr°"*''"'^"''"^^'°^""°"''^^^^--^^^^^ 

1 34. A process for producing a substrate for vertically oriented iiqukl' crystal display according to daim 132 wherein ruo 

"%'^J^^'?strmS"otS,:sS^^^^^^ 

saTd p^rLsST ^''"^ '^"'^ ^ ''^"^^ °' fr«««"g the surface of 
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1 40. A process for producing a substrate for vertically orierrted liquid crystal display according to claim 1 39, wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surface of said protrusions. 

141 .A process tor producing a substrate tor vertically oriented liquid crystal display having, on the surface thereof, pro- 
trusions that vwjrk as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, conprising. 

a st^ of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering partculates on the surface of the resin; 
0 a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 



1 42. A process tor producing a substrate for vertically oriented liquid crystal display having, on the surface thereof walls 
that wort< as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of forming sets of two walls neight>oring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof- and 
a step of forming a vertical alignmentfilm on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

143. A process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid aystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented oblique when a voltage smaller than said pre- 
determined voltage is applied, said cotor filter substrate having plural kinds of color decomposition filters formed on 
a transparent support member for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other among said plural kinds of color deconposition filters- 
a step of applying a positive-type photosensitive resin; and 

photosensitive resist after said positive-type photosensitive resist is 
expc^ed^through said colored members, to light with which said positive-type photosensitive resist is photo- 
sensitaed, said light having a wavelength that transmits very less through the portion where said two or more 
color decomposition filters are superposed than through other portions. 

144.A process for producing a colorfilter substrate according to daim 143. further comprising a stepof forniirw a trans- 
parent and flat layer after said plural kinds of cotor decomposition filters have been formed. 

"^ls^hrs^gmS;'^^^^^^^ """"^'^ ^^^'^'-^ ^ '^"^ ^^-^y^^ P^^— i«ve 

' *^"lTv d! > "'"Sl"!^ ^ ^"^""^^ °* ^ P'«"= ^^'^^^ for a liquid crystal 

display device in which liquid aystals are oriented neariy vertically when no voltage is applied oriented near^^m? 
zonteify when a predetermined voltage is applied, and are oriented aslant when a volta% sTOirth^Srie- 

transparent snjport member for each of the regions, comprising: u«srormeaona 

SsT '"^"^ "^"^ °' '*^'"P°="'°" '««rs °" the transparent support men*er for each of the 
a step of forming a transparent electrode on said color decomposition filters- arxf 
a step of forming a light-shielding film at any position on said transparent electrode. 

''%'hiS?n?:i,mCS ' ^""^'^ ^'^"^''"^ ^«P Bght- 

a aep of applying a photosensitive resist onto said light-shielding film which includes said transparent elec- 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern: and 

a step of annealing said photosenative resist that is left on said light-shielding f Im after the etching; 

wherein sard photosensitive resist left on .said light-shielding film works as an insulating protrusion. 

.A process for producing a color filter substrate according to daim 146, further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shielding film after the step of forming said light-shielding f Bm; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosenative resist that is left on said light-shielding fflm after the developing 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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mentioned above, as the number of light-intereeptive regions decreases, the numerical aperture improves accoidingly. 
1,1^ '^^"^^^ protrusions are formed along only the TFT portions can be adapted to the 

43ra embodiment arvi its modifications shown in Figs. 165A to 1 69. 

. .«hl>*rf enibodiment the Uack matrix is provided with the function of the spacer but according to the prior art 
Snm?rl^'^ fT!!^ ^ T *° ^'^^"^ °" ^ substrates having the vertica 

tT^TlT^T^ " '^^^ P^°fr"s»" « formed on the electrode 

^ 1 ® ^'^'^ ^ "P'^^^ positioned on the protrusion, if the diameter of the spacers is equal to the 
S^l fn^aTc? *^f,^«^« "° « ~" thickness becomes greater than the desir^thickness 

ro fZ^lt^Z^^ T °" o'^'de to the panel that 
or^i^^n^ . ? °" '''^ P'**""'""' ''^l S^^te^ at that portion and the 

oS !m ^ J"?'^ ^^■'^"^ embodiment to be next explained is direct^to solve this 

problem by decreasing the diarrieter of the spacers in consideration of the thickness of the protrusion 

P I'L""!®? ^"^'^ °^ embodimem. Fig. 1 68A shows the TFT substrate 1 7 before 

,5 T^ ^'^T JST ^"^'^^ "^"^^ ^^^"^ ^ '^9 assembled state. As sho^ 

mSmS T hI f ■ 20A is formed on the electrode 12 of the CF substrate 16 and the vertical al^ 

ahgnment film 22^ before assembly and further formed. The protrusions 20A and 20B have the same h^ght JfTum 
and are assembled so that they do not cross mutually when viewed from the panel surface ThecenSess is 4 
mrcrometers (^m). and the diameter of the spacer 85 made of a plastic material Vs ^m S irt^e bal^ncToSine^ 
20 by subtrarting the height of the protrusion from the cell 1 63 A thickness. As shown in Z 16^^ 150 to l^p^W^ 
^h'.h p ^'^""'''^^ °" ^""^'^'^ ' ^"^^ fro-" a bonding resin ole cK^ate 

L ofll iJIf T * ^ 'Ti" "^^^"^ ^'"^ "^'a- '^^ corresponds to the prlpor 

« ! L^itS^^ 2 protrusions 20A and 20B to the entire area. Under the state shown in Fig^C. the ce! t^- 
25 ness IS limited by the spacers positioned on the protrusions 208 or below the protrusions A arxl the thickn^ of Si 

S^tT;^il'T''^ f ""'^"^ '^^""^ 20A and 20B are f lo^C^JcS^tSdo not 

exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move toSe 
protrusion portions during the use of the panel, the ceil thickness does not became thicfc ar^ Cn ^t^. 

t^^ J'^' ® relationship between the scattered (sprinkle) density of the soacers and the cell 

4 r fasZ" " '° ^-"^ thiSleL* 'iSn th^^range i; 

irrJ!^!-^^. experimental result of variance of the cell thickness that occurs when a force is aoolied 

^rrSd:,^:itv?s?c:t;T^^^^ 

l^^cifJ^Tnlll^'^.^ "^"^"^^ ""^y ^° again t the force applied, and when the s<Jt 

irodlZT^LT^^- f ^'T'^on capacity is preferably provided to the dielectric protrusion formed on the elec- 
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because the bonds of the protrusion forming material are more li(«iy to be cut oH than the bonds on the surface of the 
sutelrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entre surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 
An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 

. the matenals having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions and suoole- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these^ea- 
sons. It IS not suitable for the protrusion forming material. Among the materials having the Ion supplementing capacity 
some matenals exist which have the ion supplementing capacity without emitting the substituent ions, and suchrote 
nals are preferably used. Examples of such materials are crown ether having the chemical formula shown in Figs 1 71 A 

0 and 171 B and kryptand having the chemical formula shown in Figs. 172A and 172B. Further, inorganic materials such 

ul^TrO^."!^,^ r^*^! ^u'^ supplementing ions without emitting ions. Therefore, these materials are 

^^ J^I^^I- T S ^ ^"5 °* ^'^'^ ^ «'*«^P*'°" ^te^ia' materials adsorbing 

different ions are preferably used in combination. " 

■ from a posrtive type resist, and is subjected to the treatment for imparting the various ion adsorption capacity descrlbS 
S^L"^ ^ r^"^^'^ ♦^f 250 shows the result of measurement of the initial ion d^ity and the ion 

density (unit. PC) after the use tor 200 hours of the panel so manufactured. In Fig. 250. ultia-videt rays of 1 500 mJ are 
irradiated in Example C. 0.5 wt% of aown ether is added in Example D. zeolrte is added in Example ?^ '^ZTet^er 
and zedite are added in Example F For reference, the case where the treatment for imparting Zon adsorpti^^c- 
IhIL l?^""? f '"^'^T^ ^ Comparative Example. A 10 V triangular wave having a frequency of O.lTis 
^ T ^""^ t^-^erature at the time of measurement is 50'C. It can be ^reciated from ttie 

result that the initial value of the ion density remains at substantially the same level regardless of the ion adsorotion 
caj«c.tytr^tment. However, the iondensity after 200 hours drasticallyincreases^^^ 
but when the treatment is canied out. the increase remains small 

i^^TJ^lTJ^f *° "^'"r the uttra-viotet rays are irradiated and the sample which is not at all treated are sub- 

In the 40th embodiment, the structure in which a pattern of protrusions is drawn on the CF substrate 1 6 usino black 
matrices has been disclosed. The structure will be described below suBsuaie o using oiacK 

As mentioned above, if a pattern of protrusions can be drawn on the CF subsf ate 16 in the conventional manufac 
T^^^-Tt.^ new step need not be added, an increase in cost deriving from drawing ^TJSe^n cTpXsTon 
can be minimized. The seventeenth embodiment is an embodiment in which a pattern of profusions are d^5^on^« 
CF substrate 16 by utilizing the conventional manufacturing process. protrusions are drawn on the 

^ '''Sf J J3A and 173B are diagrams showing the structure of the CF substrate of the 4Sth embodiment As ^h™in 
1 CF . '"/^«/|th embodiment, the color filter (CF) resins 39R and 39G (and 39B)^e pS b^dx^ 

I ' ^ f'^** "^^'^ °' ^" appropriate material such as a CF resin or any otherlSteninTresii S us^ 

0 d^ne a pattern of protrusions 50A by tracing predetermined positions. ITO (transfMren^treS^i TJ ^e *S 

Foj^forming protrusions, however, a certain thickness is needed. From this viewpoint, the adoption S a resfnTprlf^: 

Fig. 1 738 is a diagram showing a modification of the CF substrate in the 45th embodiment Bfack matrice.^ nr »n 

According to tfie structure of the 45th embodiment, protrusions can be formed at any positions on the CF suhstrAte 

protrusions are formed near the centers of the pixels substrate 17. pyramidal 

Fi«. 175A 10 180S are diaomms shoeing examptes of he anjcwe ol the CF a,ba«. of the 4eih entodhmnt. 
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